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EXECUTIVE SUMMARY 

Tetra Tech NUS, Inc. (Tetra Tech) has prepared this Sampling and Analysis Plan (SAP) for the Resource 

Conservation and Recovery Act (RCRA) Facility Investigation (RFI) at Solid Waste Management Unit 

(SWMU) 11 – Old Storage Building 225 at Naval Support Activity (NSA) Crane, Indiana under Contract 

Task Order (CTO) F27E, Contract N62470-08-D-1001, Comprehensive Long-term Environmental Action 

Navy (CLEAN).   

 

SWMU 11 – Old Storage Building 225 (site) is located near the western boundary of NSA Crane, 

approximately midway between the northern and southern boundaries of the facility.  The site is a 

rectangular shape and covers approximately 1 acre.  Building 225 was used for storage of inert materials 

including pentachlorophenol (PCP), paints, sodium flourescein dye, solvents (acetone, toluene, and 

methyl ethyl ketone), and various other items including inks, staples, and wax paraffin. The building was 

destroyed by a fire on July 13, 1976.   

 

Water used in fighting the fire in July 1976 may have become contaminated with the chemicals stored in 

the building.   According to the “Green Water” Report (Department of the Navy, 1976), runoff from fire 

fighting activities was brilliant fluorescent green from the flourescein dye.  The green colored water 

entered the drainage channel and the ditch east of the site and began flowing off-site.  PCP, paints, 

sodium fluorescein, solvents, and other items stored in the building may have also entered the surface 

drainage and soils in the area of the site during firefighting efforts, and may continue to be present in 

these areas.  Potentially contaminated water was contained by temporary dams that were constructed in 

the stream (Broom Branch) downstream of the site, but the water was eventually discharged from NSA 

Crane.  The “Green Water” Report stated that several thousand gallons of water was pumped from the 

site and placed in a concrete reservoir to be properly disposed at a later date.  The disposition of that 

water is unknown.  Smoke from the fire may have also introduced contaminants that settled downwind 

from the site. 

 

The primary purpose of the RFI described in this SAP is to conduct an initial site investigation of the 

potential contaminants at the site, and if present, to determine the nature and extent of those 

contaminants.  This information will be used in the remedial decision process.  The RFI will include the 

collection and analysis of surface and subsurface soil, sediment, and groundwater samples.  These 

samples will be collected to provide representative coverage of the site for use in human health and 

ecological risk screening and potentially for risk assessment, if necessary. 

 

Surface and subsurface soil, sediment, and groundwater samples will be analyzed for volatile organic 

compounds (VOCs), semivolatile organic compounds (SVOCs), including low level polycyclic aromatic 

hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), pesticides, dioxins/furans, metals, and cyanide.  
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Sediment samples will also be analyzed for total organic carbon (TOC) to support site-specific risk 

calculations. 

   

The SAP contained herein was generated for, and complies with, applicable Uniform Federal Policy for 

Quality Assurance Project Plans (UFP-QAPP), and United States Environmental Protection Agency 

(USEPA) Region 5 requirements, regulations, guidance, and technical standards, as appropriate. 

 

This SAP outlines the organization, project management, objectives, planned activities, measurement, 

data acquisition, assessment, oversight, and data review procedures associated with the planned 

investigation at SWMU 11.  Protocols for sample collection, handling and storage, chain-of-custody, 

laboratory and field analyses, data validation, and reporting are also addressed in this SAP.  The 

investigation procedures utilized will comply with Tetra Tech Standard Operating Procedures (SOPs), 

which are included in Appendix A.  The analytical procedures will follow the Laboratory SOPs which are 

included in Appendix B.  The field work is scheduled to begin in April 2011.  A complete schedule is 

presented in SAP Worksheet No. 16. 

 

Field activities conducted under this SAP will be in accordance with the requirements a Site-Specific 

Health and Safety Plan than will be prepared by Tetra Tech for this investigation.   

  



Project-Specific SAP Title: SAP for SWMU 11 RFI 
Site Name/Project Name: NSA Crane Date: March 2011 
 Site Location: Crane, Indiana  

 

121001 (Worksheet No. 1)  Page 5 of 147 CTO F27E 

SAP Worksheets  Page No. 
 
SAP Worksheet No. 1 -- Title and Approval Page ........................................................................................ 1 
SAP Worksheet No. 2 -- SAP Identifying Information ................................................................................. 11 
SAP Worksheet No. 3 -- Distribution List .................................................................................................... 12 
SAP Worksheet No. 4 -- Project Personnel Sign-Off Sheet ....................................................................... 14 
SAP Worksheet No. 5 -- Project Organizational Chart ............................................................................... 16 
SAP Worksheet No. 6 -- Communication Pathways ................................................................................... 17 
SAP Worksheet No. 7 -- Personnel Responsibilities and Qualifications Table .......................................... 19 
SAP Worksheet No. 8 -- Special Personnel Training Requirements Table ................................................ 21 
SAP Worksheet No. 9 -- Project Scoping Session Participants Sheet ....................................................... 22 
SAP Worksheet No. 10 -- Conceptual Site Model ...................................................................................... 23 
SAP Worksheet No. 11 -- Project Quality Objectives/Systematic Planning Process Statements .............. 30 
SAP Worksheet No. 12 -- Measurement Performance Criteria Table – Field Quality Control Samples .... 38 
SAP Worksheet No. 13 -- Secondary Data Criteria and Limitations Table ................................................. 39 
SAP Worksheet No. 14 -- Summary of Project Tasks ................................................................................ 40 
SAP Worksheet No. 15 -- Reference Limits and Evaluation Table............................................................. 48 
SAP Worksheet No. 16 -- Project Schedule / Timeline Table ..................................................................... 85 
SAP Worksheet No. 17 -- Sampling Design and Rationale ........................................................................ 86 
SAP Worksheet No. 18 -- Sampling Locations and Methods/SOP Requirements Table ........................... 92 
SAP Worksheet No. 19 -- Analytical SOP Requirements Table ................................................................. 99 
SAP Worksheet No. 20 -- Field Quality Control Sample Summary Table ................................................ 101 
SAP Worksheet No. 21 -- Project Sampling SOP References Table ....................................................... 102 
SAP Worksheet No. 22 -- Field Equipment Calibration, Maintenance, Testing, and Inspection Table .... 103 
SAP Worksheet No. 23 – Analytical SOP References Table ................................................................... 104 
SAP Worksheet No. 24 – Analytical Instrument Calibration Table ........................................................... 107 
SAP Worksheet No. 25 – Analytical Instrument/Equipment Maintenance, Testing, and Inspection  
                                         Table ................................................................................................................ 115 
SAP Worksheet No. 26 -- Sample Handling System ................................................................................ 117 
SAP Worksheet No. 27 – Sample Custody Requirements Table ............................................................. 118 
SAP Worksheet No. 28 -- Laboratory QC Samples Table ........................................................................ 120 
SAP Worksheet No. 29 -- Project Documents and Records Table........................................................... 131 
SAP Worksheet No. 30 -- Analytical Services Table ................................................................................ 132 
SAP Worksheet No. 31 -- Planned Project Assessments Table ............................................................... 133 
SAP Worksheet No. 32 -- Assessment Findings and Corrective Action Responses ................................ 134 
SAP Worksheet No. 33 -- QA Management Reports Table ...................................................................... 135 
SAP Worksheet No. 34 -- Verification (Step I) Process Table .................................................................. 136 
SAP Worksheet No. 35 -- Validation (Steps IIa and IIb) Process Table ................................................... 138 
SAP Worksheet No. 36 -- Analytical Data Validation (Steps IIa and IIb) Summary Table ....................... 140 
SAP Worksheet No. 37 -- Usability Assessment ...................................................................................... 142 
REFERENCES .......................................................................................................................................... 145 
  

 



Project-Specific SAP Title: SAP for SWMU 11 RFI 
Site Name/Project Name: NSA Crane Date: March 2011 
 Site Location: Crane, Indiana  

 

121001 (Worksheet No. 1)  Page 6 of 147 CTO F27E 

List of Figures 
 
 
10-1  Base and Site Location Map 
10-2  SWMU 11 Site Layout – 2005 Aerial Photograph 
10-3  Site Plan 
10-4  IA-6 Site Layout – 2005 Aerial Photograph, Building 2981 Concrete Tank 
10-5  Conceptual Site Model Schematic 
10-6  Human Conceptual Exposure Model Diagram 
10-7  Ecological Conceptual Exposure Model Diagram 
17-1  IA-1, IA-2, IA-3, and IA-5 Soil Sampling Locations  
17-2  IA-4 Soil Sampling Locations  - Downwind Areas 
17-3  IA-7 Sediment and SWMU 11 Groundwater Sampling Locations 
17-4  IA-6 Soil Sampling Locations - Building 2981 Concrete Tank 
 
 

Appendices 
 

A - Tetra Tech Standard Operating Procedures and Field Forms  
B - Laboratory Standard Operating Procedures 
C - DQO Meeting Minutes  
D - Background Reports 
E - Project Screening Level Backup Documentation  

 



Project-Specific SAP Title: SAP for SWMU 11 RFI 
Site Name/Project Name: NSA Crane Date: March 2011 
 Site Location: Crane, Indiana  

 

121001 (Worksheet No. 1)  Page 7 of 147 CTO F27E 

ACRONYMS AND ABBREVIATIONS 

AR Administrative Record 

BFB Bromofluorobenzene  

bgs below ground surface 

°C degrees Celsius 

CA Corrective Action 

CAS Chemical Abstracts Service 

CCB Continuing Calibration Blank 

CCC Calibration Check Compound 

CCV Continuing Calibration Verification 

CFA Cape Fear Analytical, LLC 

CFR Code of Federal Regulations 

CLEAN Comprehensive Long-term Environmental Action Navy 

CLP Contract Laboratory Program 

CMS Corrective Measures Study 

COC Contaminant of Concern 

COPC Constituent of Potential Concern 

CPCS  Column Performance Check Solution 

CSM Conceptual Site Model 

CTO Contract Task Order 

CWAP Comprehensive Work Approval Process 

%D percent difference or percent drift 

DAF Dilution Attenuation Factor 

DCL Default Closure Level 

DDT  dichlorodiphenyltrichloroethane  

DFTPP decafluorotriphenylphosphine 

DO dissolved oxygen 

DON Department of the Navy 

DL  Detection Limit 

DoD  Department of Defense 

DPT  direct-push technology 

DQI  Data Quality Indicator 

DQO Data Quality Objective 

DVM Data Validation Manager 

Eco-SSL Ecological Soil Screening Level 

EDD  electronic data deliverable 

ELAP   Environmental Laboratory Accreditation Program 

Empirical Empirical Laboratories, LLC 
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ACRONYMS AND ABBREVIATIONS (CONTINUED) 

EPC  Exposure Point Concentration  

ERA Ecological Risk Assessment 

ERSM Environmental Restoration Site Manager 

ESL Ecological Screening Level 

EU  Exposure Unit 

FD Field Duplicate 

FOL Field Operations Leader 

FTMR Field Task Modification Request 

g gram 

GC/ECD  Gas Chromatography/ Electron Capture Detector  

GC/MS  Gas Chromatograph/Mass Spectrometer 

GPS global positioning system 

HASP Health and Safety Plan 

HCl hydrochloric acid 

HHRA Human Health Risk Assessment 

HSM Health and Safety Manager 

IA Investigative Area 

ICAL Initial Calibration 

ICB Initial Calibration Blank 

ICP-AES  Inductively Coupled Plasma-Atomic Emission Spectroscopy  

ICS Interference Check Standard 

ICV Initial Calibration Verification 

IDEM Indiana Department of Environmental Management 

IDW investigation-derived waste 

IS Internal Standard 

IUPPS Indiana Underground Plant Protection Services 

L liter 

LCS  Laboratory Control Sample 

LCSD Laboratory Control Sample Duplicate 

LOD Limit of Detection 

LOQ  Limit Of Quantitation 

LUC land use control 

MCL Maximum Contaminant Level 

mg/L milligram per liter 

mg/kg milligram per kilogram 

mL milliliter 

MPC  Measurement Performance Criterion 
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ACRONYMS AND ABBREVIATIONS (CONTINUED) 

msl mean sea level 

MS  Matrix Spike 

MSD  Matrix Spike Duplicate 

NA  Not Applicable 

NaOH Sodium Hydroxide 

NAVFAC Naval Facilities Engineering Command 

NC no criteria 

ND   non detect 

NFA No Further Action 

NIRIS  Naval Installation Restoration information Solution 

NOAA National Oceanic and Atmospheric Administration 

NSA Naval Support Activity 

NTU Nephelometric Turbidity Unit 

ORP Oxidation-Reduction Potential 

OSHA Occupational Safety and Health Administration 

PAH polycyclic aromatic hydrocarbon 

PCB  polychlorinated biphenyl 

PCP pentachlorophenol 

PDF  Portable Document Format 

PID Photoionization Detector 

PM Project Manager 

POC Point of Contact 

ppb part per billion 

PPE personal protective equipment 

ppm part per million 

PQLG Project Quantitation Limit Goal 

PQO  project quality objective 

PSL Project Screening Level 

PWD Public Works Department 

QA  quality assurance 

QAM Quality Assurance Manager 

QAO Quality Assurance Officer 

QC  quality control 

QSM Quality Systems Manual 

%R percent recovery 

r  Linear Regression Correlation Coefficient 

r2  Coefficient of Determination 
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ACRONYMS AND ABBREVIATIONS (CONTINUED) 

R5 ESL-S USEPA Region 5 Ecological Screening Level, Soil 

R5 SED USEPA Region 5 Ecological Screening Level, Sediment 

RBSSL Risk-Based Migration-to-Groundwater Soil Screening Level 

RCRA Resource Conservation and Recovery Act 

R-DCLs  Risk-Default Closure Level 

RF Response Factor 

RFI Resource Conservation and Recovery Act Facility Investigation 

RISC Risk Integrated System of Closure 

RPD  Relative Percent Difference 

RPM  Remedial Project Manager 

% RSD  Relative Standard Deviation 

RSL  Regional Screening Level 

R-RSL Residential Regional Screening Level 

RRT  Relative Retention Time 

RT  Retention Time 

SAP  Sampling and Analysis Plan 

SDG  sample delivery group 

SOP  Standard Operating Procedure 

SPCC System Performance Check Compound 

SQL Structured Query Language 

SSO Site Safety Officer 

SVOC  semivolatile organic compound 

SWMU Solid Waste Management Unit 

TAL Target Analyte List 

TBD To Be Determined 

TCL   Target Compound List 

TOC total organic carbon 

T-RSL Tapwater Regional Screening Level 

Tetra Tech Tetra Tech NUS, Inc. 

UCL  Upper Confidence Limit 

UFP-QAPP Uniform Federal Policy for Quality Assurance Project Plan 

µg/L microgram per liter 

USEPA  United States Environmental Protection Agency  

UST underground storage tank 

VOC volatile organic compound 

VSP  Visual Sample Plan 
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SAP Worksheet No. 2 -- SAP Identifying Information 
(UFP-QAPP Manual Section 2.2.4) 
 
Site Name/Number: Naval Support Activity (NSA) Crane, Solid Waste 

Management Unit (SWMU) 11 – Old Storage Building 225 
Operable Units:   Not Applicable (NA) 
Contractor Name:   Tetra Tech NUS, Inc. (Tetra Tech) 
Contract Number:   N62470-08-D-1001 
Contract Title: Comprehensive Long-term Environmental Action Navy 

(CLEAN) 
Work Assignment Number:  Contract Task Order (CTO) F27E 
 
1. This Sampling and Analysis Plan (SAP) was prepared in accordance with the requirements of the 
United States Environmental Protection Agency (USEPA) Uniform Federal Policy for Quality Assurance 
Project Plans (UFP-QAPP) (USEPA, 2005a) and EPA Guidance for Quality Assurance Project Plans, 
EPA QA/G-5, QAMS (USEPA, 2002a).  
 
2.  Identify regulatory program:  

 

The Indiana Department of Environmental Management (IDEM) 
Hazardous Waste Closure and Corrective Action Programs, which implement and enforce the Resource 
Conservation and Recovery Act (RCRA), and related state laws and rules. 

3.  This SAP is a project-specific
 

 SAP.  

4.  List dates of scoping sessions that were held:  
 
Scoping Session       Date 
Data Quality Objective (DQO) Meeting  November 4, 2010 

   
 
5.  List dates and titles of any SAP documents written for previous site work that are relevant to the 
current investigation.  
 
     Title         Date     
“Green Water” Report (Department of the Navy [DON], 
1976a)  September 20, 1976 
 
Report on the Fire Investigation, Building 225, Crane Naval 
Weapons Support Center; Crane Indiana; 14-16 July 1976,  
NAVMAT Report 11320.2 (DON, 1976b)  1976 

 
6. List organizational partners (stakeholders) and connection with lead organization: 
   
IDEM (lead regulatory agency), USEPA Region 5 (regulatory oversight), Naval Facilities Engineering 
Command (NAVFAC) Midwest, NSA Crane, (property owner), Tetra Tech (Navy contractor)    
              
 
7. Lead organization: 
 

NAVFAC Midwest   

8. If any required SAP elements or required information are not applicable to the project or are provided 
elsewhere, then note the omitted SAP elements and provide an explanation for their exclusion below:  

 
NA, as there are no exclusions. 
             
 
 
 



Project-Specific SAP Title: SAP for SWMU 11 RFI 
Site Name/Project Name: NSA Crane Date: March 2011 
Site Location: Crane, Indiana  

 

121001 (Worksheet No. 3) Page 12 of 147 CTO F27E 

SAP Worksheet No. 3 -- Distribution List 
(UFP-QAPP Manual Section 2.3.1) 
  

Name of SAP 
Recipients Title/Role Organization Telephone 

Number 
E-mail Address or Mailing 

Address  

Howard Hickey NAVFAC Remedial Project 
Manager (RPM)/ Manages 
Project Activities for the Navy 

NAVFAC Midwest 847-688-2600 
X243 

howard.hickey@navy.mil 

Tom Brent Environmental Restoration Site 
Manager (ERSM)/ Crane Point 
of Contact (POC) 

NAVFAC Midwest 
Public Works 
Department (PWD) 
Crane 

812-854-6160 thomas.brent@navy.mil 

To Be Determined 
(TBD) 
(electronic upload) 

NAVFAC Quality Assurance 
Officer (QAO)/ Government 
Chemist 

NAVFAC Atlantic TBD TBD 

Bonnie Capito 
(final cover letter only) 

Librarian and Records Manager/ 
Navy Administrative Record 
(AR) 

NAVFAC Atlantic 757-322-4785 bonnie.capito@navy.mil 

Peter Ramanauskas USEPA RPM/ Regulator Input USEPA Region 5 312-866-7890 ramanauskas.peter@epamail.epa.gov 

Doug Griffin IDEM RPM/ Regulator Input IDEM 317-233-2710 dgriffin@idem.in.gov 

John Trepanowski 
(distribution letter only) 

Program Manager/ Manages 
Navy Initiatives 

Tetra Tech 610-382-1532 john.trepanowski@tetratech.com 

Garth Glenn 
(distribution letter only) 

Deputy Program Manager/ 
Manages Program Activities 

Tetra Tech 757-461-3926 garth.glenn@tetratech.com  

Anthony P. Klimek, 
P.E. 

Project Manager (PM)/ 
Manages Project Activities 

Tetra Tech 513-557-5057 tony.klimek@tetratech.com 

Ralph Basinski Crane Activity Coordinator/ 
Coordinates Tetra Tech 
Activities at NSA Crane 

Tetra Tech 412-921-8308 ralph.basinski@tetratech.com 

Tom Johnston, PhD 
(electronic copy only) 

Quality Assurance Manager 
(QAM)/ Manages Corporate 
Quality Assurance (QA) 
Program and Implementation  

Tetra Tech 412-921-8615 tom.johnston@tetratech.com 
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Name of SAP 
Recipients Title/Role Organization Telephone 

Number 
E-mail Address or Mailing 

Address  

Matt Soltis [Health and 
Safety Plan (HASP) 
only] 

Health and Safety Manager 
(HSM)/ Manages Corporate 
Health and Safety Program 

Tetra Tech 412-921-8912 matt.soltis@tetratech.com 

Joe Samchuck 
(electronic copy only) 

Data Validation Manager 
(DVM)/ Manages Data 
Validation 

Tetra Tech 412-921-8510 joseph.samchuck@tetratech.com 

George Ten Eyck Field Operations Leader (FOL) 
and Site Safety Officer (SSO)/ 
Manages Field Operation and 
Site Safety Issues 

Tetra Tech 513-557-5043 george.teneyck@tetratech.com 

Mark Traxler 
(electronic copy only) 

Project Chemist/ Provides 
Coordination with Laboratory 

Tetra Tech 610-382-1171 mark.traxler@tetratech.com 

Driller (TBD) 
(electronic copy only) 

Drilling Subcontractor PM/ 
Provides Direct-Push 
Technology (DPT) Services 

TBD TBD TBD 

Kim Kostzer 
(electronic copy only) 

Laboratory PM - Representative 
for Laboratory and Analytical 
Issues 

Empirical Laboratories, 
LLC (Empirical) 

615-345-1115 kkostzer@empirlabs.com 

Chris Cornwell 
(electronic copy only) 

Laboratory PM – Representative 
for Laboratory and Analytical 
Issues 

Cape Fear Analytical, 
LLC (CFA) 910-795-0422 chris.cornwell@cfanalytical.com 

 



Project-Specific SAP Title: SAP for SWMU 11 RFI 
Site Name/Project Name: NSA Crane Date: March 2011 
Site Location: Crane, Indiana  

 

121001 (Worksheet No. 4) Page 14 of 147 CTO F27E 

SAP Worksheet No. 4 -- Project Personnel Sign-Off Sheet 
(UFP-QAPP Manual Section 2.3.2) 
 
Certification that project personnel have read the text will be obtained by one of the following methods as applicable: 

 
1. In the case of regulatory agency personnel with oversight authority, approval letters or e-mails will constitute verification that applicable sections of the 

SAP have been reviewed.  Copies of regulatory agency approval letters / e-mails will be retained in the project files and are listed in Worksheet No. 29 
as project records. 
 

2. E-mails will be sent to the Navy, Tetra Tech, and subcontractor project personnel who will be requested to verify by e-mail that they have read the 
applicable SAP / sections and the date on which they were reviewed.  Copies of the verification e-mail will be included in the project files and is 
identified in Worksheet No. 29. 
 
A copy of the signed Worksheet No. 4 will be retained in the project files and is identified as a project document in Worksheet No. 29. 

 

Name 1 Organization/Title/Role Telephone 
Number 

Signature/E-Mail 
Receipt SAP Section Reviewed Date SAP 

Read 

Navy and Regulator Project Team Personnel 

Howard Hickey NAVFAC/ Navy RPM/ Manages 
Project Activities for the Navy 

847-688-2600 
X243 

 All 
 

Tom Brent NAVFAC/ ERSM/ Site POC 812-854-6160 See Worksheet No.1 for 
signature All  

Doug Griffin IDEM/ RPM/ Provides Regulator 
Input 

317-233-2710 See Worksheet No.1 for 
signature All  

Tetra Tech Project Team Personnel 

Tony Klimek, P.E. Tetra Tech/ PM/ Manages Project 
Activities 

513-557-5057 See Worksheet No.1 for 
signature 

All  

Tom Johnston Tetra Tech/ QAM/ Manages 
NAVFAC Contract QA Program 
and Implementation 

412-21-8615 See Worksheet No.1 for 
signature 

All  

George Ten Eyck Tetra Tech/ FOL/SSO/ Manages 
Field Operation and Site Safety 
Issues 

513-557-5043 
 

All  

Matt Soltis Tetra Tech/ HSM/ Manages 
Corporate Health and Safety 
Program 

412-921-8912 
 

HASP only  
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Name 1 Organization/Title/Role Telephone 
Number 

Signature/E-Mail 
Receipt SAP Section Reviewed Date SAP 

Read 

Joe Samchuck Tetra Tech/ DVM/ Manages Data 
Validation 

412-921-8510 
 

Worksheet Nos. 12, 14, 15, 
19, 20, 23-28, 30,  and 34-

37 

 

Mark Traxler Tetra Tech/ Project Chemist/ 
Provides Coordination with 
Laboratory 

610-382-1171 
 

All  

Subcontractor Personnel 

Kim Kostzer Empirical/ Laboratory PM/ 
Representative for Laboratory and 
Analytical Issues 

615-345-1115  Worksheet Nos. 6, 12, 
14, 15, 19, 20, 23-28, 

30,  and 34-36 

 

Chris Cornwell CFA/ Laboratory PM/  
Representative for Laboratory and 
Analytical Issues  

910-795-0422 
 

Worksheet Nos. 6, 12, 
14, 15, 19, 20, 23-28, 

30,  and 34-36 
 

TBD TBD/ Subcontractor PM/ Driller for 
DPT Services 

TBD  Worksheet Nos. 6, 14, 
17, and Figures  

 
1   Persons listed on this worksheet will be responsible for distributing the SAP to the appropriate people within their organization. 
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SAP Worksheet No. 5 -- Project Organizational Chart 
(UFP-QAPP Manual Section 2.4.1) 
 
Lines of Authority    Lines of Communication 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
  
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

TBD 
Government 

Chemist 
 

Howard Hickey 
Navy RPM 

847-688-2600 
X243 

Ralph Basinski 
Tetra Tech  

Crane Activity 
Coordinator 

412-921-8308 

Tony Klimek 
Tetra Tech  

PM 
513-557-5057 

Kim Kostzer 
Empirical 

Laboratory PM 
615-345-1115 

 
Chris Cornwell 

CFA 
Laboratory PM 
910-795-0422 

 
 
 

Tom Brent 
NSA Crane 

ERSM 
812-854-6160 

Tom Johnston 
Tetra Tech  

QAM 
412-921-8615 

 

Matt Soltis 
Tetra Tech 

HSM 
412-921-8912 

 
 

 

Mark Traxler 
 Tetra Tech 

Chemist 
610-382-1171 

 

Lauren Foster 
Tetra Tech 

Field Technician 
 513-557-5049 

  
 

 
 

Joe Samchuck 
Tetra Tech 

DVM 
412-921-8856 

 
 

 

TBD 
DPT Drilling 

Subcontractor PM 
 

Howard Hickey 
Navy RPM 

847-688-2600 
X243 

George  
Ten Eyck 
Tetra Tech 
FOL/SSO 

513-557-5043 
 

 
 

 
Doug Griffin 
IDEM RPM  

317-233-2710 
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SAP Worksheet No. 6 -- Communication Pathways 
(UFP-QAPP Manual Section 2.4.2) 

 

Communication 
Driver Responsible Affiliation Name 

Phone 
Number 

and/or E-Mail 
Procedure  

SAP Amendments Tetra Tech FOL/SSO 
Tetra Tech PM  
Navy RPM 

George Ten Eyck 
Tony Klimek  
Howard Hickey 

513-557-5043 
513-557-5057 
847-688-2600 

x243 

Tetra Tech FOL will verbally inform Tetra Tech PM within 
24 hours of realizing a need for an amendment. 
Tetra Tech PM will document the proposed changes via a Field 
Task Modification Request (FTMR) form within 5 days and send 
the Navy RPM a concurrence letter within 7 days of identifying 
the need for change. 
SAP amendments will be submitted by Tetra Tech PM to 
NAVFAC Midwest Program Management Office for review and 
approval. 
Tetra Tech PM will send scope changes to Project Team via 
e-mail within 1 business day. 

Changes in field work 
schedule 

Tetra Tech PM 
NSA Crane ERSM 

Tony Klimek 
Tom Brent 

513-557-5057 
812-854-6160 

Tetra Tech PM will verbally inform the NSA Crane ERSM on the 
day that a schedule change is known and will document via 
schedule impact letter within 1 business day of when the impact 
is realized. 

Issues in the field that 
result in changes in 
scope of field work 

Tetra Tech FOL/SSO 
Tetra Tech PM 
NSA Crane ERSM 

George Ten Eyck 
Tony Klimek 
Tom Brent 

513-557-5043 
513-557-5057 
812-854-6160 

Tetra Tech FOL will inform Tetra Tech PM within 1 business day 
of when an issue is discovered; Tetra Tech PM will inform NSA 
Crane ERSM by close of the next working day; NSA Crane 
ERSM will issue scope change if warranted.  The scope change 
is to be implemented before further work is executed.  Tetra 
Tech PM will document the changes within 2 days of identifying 
the need for change on a FTMR form and obtain required 
approvals within 5 days of initiating the form. 

Recommendations to 
stop work and initiate 
work upon corrective 
action 

Tetra Tech FOL/SSO 
Tetra Tech PM 
Tetra Tech QAM 
Tetra Tech Project Chemist 
Tetra Tech HSM 
NSA Crane ERSM 

George Ten Eyck 
Tony Klimek 
Tom Johnston 
Mark Traxler 
Matt Soltis 
Tom Brent 

513-557-5043 
513-557-5057 
412-921-8615 
610-382-1171 
412-921-8912 
812-854-6160 

If Tetra Tech is the responsible party for a stop work command, 
the Tetra Tech FOL will inform onsite personnel, 
subcontractor(s), NSA Crane ERSM, and the identified Project 
Team members within 1 hour (verbally or by e-mail).  If a 
subcontractor is the responsible party, the subcontractor PM 
must inform the Tetra Tech FOL within 15 minutes, and the 
Tetra Tech FOL will then follow the procedure listed above. 
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Communication 
Driver Responsible Affiliation Name 

Phone 
Number 

and/or E-Mail 
Procedure  

Field data quality 
issues 

Tetra Tech FOL/SSO 
Tetra Tech PM 

George Ten Eyck 
Tony Klimek 

513-557-5043 
513-557-5057 

Tetra Tech FOL will inform Tetra Tech PM verbally or by e-mail 
on the same day that a field data quality issue is discovered. 

Analytical data quality 
issues          

Empirical Laboratory PM 
CFA Laboratory PM 
Tetra Tech Project Chemist 
Tetra Tech DVM 
Tetra Tech PM 
NSA Crane ERSM 
 

Kim Kostzer 
Chris Cornwell 
Mark Traxler 
Joe Samchuck 
Tony Klimek 
Tom Brent 
 

615-345-1115 
910-795-0422 
610-382-1171 
412-921-8510 
513-557-5057 
812-854-6160 
 

The Laboratory PM will notify (verbally or via e-mail) the Tetra 
Tech Project Chemist within one business day of when an issue 
related to laboratory data is discovered. 

 
The Tetra Tech Project Chemist will notify (verbally or via e-
mail) the Tetra Tech DVM/data validation staff and the Tetra 
Tech PM within one business day. 
 
The Tetra Tech DVM or Project Chemist notifies the Tetra Tech 
PM verbally or via e-mail within 48 hrs of validation completion 
that a non-routine and significant laboratory quality deficiency 
has been detected that could affect this project and/or other 
projects.   The Tetra Tech PM verbally advises the NAVFAC 
RPM within 24 hours of notification from the Tetra Tech Project 
Chemist or DVM.  The NAVFAC RPM takes corrective action 
that is appropriate for the identified deficiency.  Examples of 
significant laboratory deficiencies include data reported that has 
a corresponding failed tune or initial calibration verification. 
Corrective actions may include a consult with the NAVFAC Navy 
Chemist. 
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SAP Worksheet No. 7 -- Personnel Responsibilities and Qualifications Table 
(UFP-QAPP Manual Section 2.4.3) 

 

 
Name 

 
Title/Role1 

 
Organizational 

Affiliation 
 

Responsibilities 

Doug Griffin RPM/ Provides 
regulator Input 

IDEM Participates in scoping, conducts data review and evaluation, and approves 
the SAP. 

Tom Brent ERSM/ Manages daily 
site activities related to 
this project 

NSA Crane Oversees site activities, participates in scoping, conducts data review and 
evaluation, and approves the SAP. 

Howard 
Hickey 

RPM/ Manages project NAVFAC 
Midwest 

Oversees project implementation including scoping and data review and 
evaluation. 

Ralph 
Basinski 

Crane Activity 
Coordinator/ 
Coordinates Tetra 
Tech activities at NSA 
Crane 

Tetra Tech Oversees project implementation including scoping and data review and 
evaluation. 

Tony Klimek PM/ Manages project 
on a daily basis 

Tetra Tech Oversees project, including financial, schedule, and technical day-to-day 
management of the project. 

George Ten 
Eyck 

FOL/SSO/ Manages 
field operations and 
oversees site activities 
to ensure safety 
requirements are met 

Tetra Tech As FOL, supervises, coordinates, and performs field sampling activities.  
As SSO, responsible for on-site project specific health and safety training 
and monitoring site conditions.  Details of these responsibilities are 
presented in the HASP. 

Tom Johnston QAM/ Oversees 
program and project 
QA activities 

Tetra Tech Ensures quality aspects of the CLEAN program are implemented, 
documented, and maintained. 

Mark Traxler Project Chemist/ 
Provides coordination 
with laboratory 

Tetra Tech Participates in project scoping, prepares laboratory scopes of work, and 
coordinates laboratory-related functions with laboratory.  Oversees data 
quality reviews and QA of data validation deliverables. 
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Name 

 
Title/Role1 

 
Organizational 

Affiliation 
 

Responsibilities 

Joseph 
Samchuck 

DVM/ Oversees data 
validation activities 

Tetra Tech Manages data validation activities within Tetra Tech, including ensuring QA 
of data validation deliverables, providing technical advice on data usability, 
and coordinating and maintaining the data validation review schedule.  

Matt Soltis HSM/ Oversees health 
and safety activities 

Tetra Tech Oversees the CLEAN Program Health and Safety Program.       

TBD Driller TBD Performs DPT soil borings according to scope of work.  Provide equipment to 
collect groundwater samples. 

Kim Kostzer 
Chris Cornwell 

Laboratory PM 
Laboratory PM 

Empirical 
CFA  

Coordinates analyses with lab chemists, ensures that scope of work is 
followed, provides QA of data packages, and communicates with Tetra Tech 
staff. 

 
1 In some cases, one person may be designated responsibilities for more than one position.  For example, the FOL may also be responsible for 
SSO duties.  This action will be performed only as credentials, experience, and availability permits. 
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SAP Worksheet No. 8 -- Special Personnel Training Requirements Table 
(UFP-QAPP Manual Section 2.4.4) 
 

Each site worker will be required to have completed a 40-hour course (and 8-hour refresher, if applicable) 

in Health and Safety Training as described under Occupational Safety and Health Administration (OSHA) 

29 Code of Federal Regulations (CFR) 1910.120(e).  Safety requirements are addressed in greater detail 

in the site-specific HASP. 
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SAP Worksheet No. 9 -- Project Scoping Session Participants Sheet 
(UFP-QAPP Manual Section 2.5.1) 
 

Project Name: 

Projected Date(s) of Sampling:  

NSA Crane SWMU 11 RCRA Facility 
Investigation (RFI) 

 April  2011 
 
Project Manager: 

Site Name:

Tony Klimek 

 
 SWMU 11 – Old Storage Building 225 

Site Location: Crane, Indiana 

Date of Session: November 4, 2010 
Scoping Session Purpose: Develop project quality objectives (PQOs) for RFI activities 
Name Title Affiliation Phone # E-mail Address Project Role 
Tony Klimek PM Tetra Tech 513-557-5057 tony.klimek@tetratech.com Management 
Tom Brent ERSM NSA Crane 812-854-6160 thomas.brent@navy.mil Management 
Doug Griffin RPM IDEM 317-233-2710 dgriffin@idem.in.gov State RPM 

Howard Hickey Navy RPM NAVFAC 
Midwest 

847-688-2600 
X243 howard.hickey@navy.mil NAVFAC RPM 

Ralph Basinski Crane Activity 
Coordinator Tetra Tech 412-921-8308 ralph.basinski@tetratech.com Management/ 

Oversight 
Peggy Churchill DQO Facilitator Tetra Tech 321-636-6470 peggy.churchill@tetratech.com DQO Facilitator 

 
Comments/Decisions: Discussed SWMU 11 historical use and available data.  Discussed the steps for 

the RFI in accordance with the SAP format. 

 
Action Items: Tetra Tech assigned the task of preparing the Draft SAP. 

 
Consensus Decisions:  See meeting minutes in Appendix C.  The meeting participants developed PQOs 

using USEPA’s seven-step DQO process.  Consensus decisions included the following: 

 
1. Background documents such as the “Green Water” Report will be attached to the SAP. 

 
2. Surface soil samples will be collected from the discharge area of the tank used to store green water 

after the fire.   

 
3. Groundwater samples will be collected using a direct DPT (direct push technology) rig.  Two 

downgradient and one upgradient samples will be collected.  Permanent and/or temporary 

groundwater monitoring wells will not be installed during the initial screening sampling event.   

 
4. Dioxins/furans samples from the surface soil can be composited by area.  They should also be 

collected from the sediment and from areas downwind of the site.  If dioxins/furans are determined to 

be a concern based on the initial screening sampling event, additional background samples will be 

collected in a subsequent sampling event.  

 
5. Primarily, surface soil and sediment samples will be collected.  Subsurface soil samples will be 

collected from the Underground Storage Tank (UST) area only.  If present and available, two layers of 

sediment will be collected; 0 to 6 inches below ground surface (bgs) and 6 to 12 inches bgs from 

each sediment sampling location.  
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SAP Worksheet No. 10 -- Conceptual Site Model 
(UFP-QAPP Manual Section 2.5.2) 
 

This worksheet presents general background information about SWMU 11 – Old Storage Building 225 

and a conceptual site model (CSM) that describes potential contamination routes and possible exposure 

pathways.  The CSM served as the basis for developing the sampling and analysis program. 

 

10.1 PHYSICAL SITE DESCRIPTION 

SWMU 11 – Old Storage Building 225 is located near the western boundary of NSA Crane, approximately 

midway between the northern and southern boundaries of the facility (see Figure 10-1).  It is located on 

the northwest side of Highway 101 approximately 0.4 miles north of the intersection between H-101 and 

H-45.  The site is a rectangular shape and covers approximately 1 acre, as shown on Figure 10-2.   

 

The site is approximately 100 feet wide (southeast-northwest) and 350 feet long (southwest-northeast).  

Building 225 was destroyed in a fire on July 13, 1976.  The site currently consists of the concrete pad 

from former Building 225, the adjacent concrete loading dock, a railroad siding spur that is adjacent to the 

loading dock, and grassed and paved areas surrounding the pad.  The concrete pad is elevated 

approximately 2 feet above the adjacent grassed area on the southeastern side.  SWMU 11 is bounded 

on the northwest by a set of railroad tracks and on the southeast by paved road H-101.  There is a ditch 

on the northwestern side of the site that flows northeast; the ditch is between the railroad siding spur and 

railroad tracks.  Building 224 and a gravel parking lot are southwest of the site.  Building 2720, Railroad 

Repair Shop, is located approximately 100 feet west of the site.  There are no physical barriers securing 

the site. 

 

Historical drawings show an UST approximately 40 feet southwest of Building 225.  The UST was 

designed to store fuel for a boiler room that was designed for Building 225 in 1950.  According to an 

historical drawing, the UST was 24 feet long and 5.5 feet in diameter.  It was installed by partially 

excavating the existing ground and then placing soil over the top of the UST to create a mound 

approximately 3 feet to 5 feet high above the adjoining ground.  There was no visible evidence of the UST 

or the mound during a recent site visit.  Presumably, it was removed shortly after the fire.  No records 

were located regarding removal of this UST.   

 

As shown on Figure 10-3, runoff from SWMU 11 drains to the ditch on the northwestern side of the site.  

The ditch drains to a culvert that conveys flow under multiple railroad tracks to a drainage channel in a 

wooded area west of the site.  The drainage channel discharges to Broom Branch approximately 

1,000 feet northwest of the site.  Broom Branch then discharges into First Creek approximately 

14,000 feet northwest of the site.  First Creek then flows northwest and off of the NSA Crane facility 

approximately 1,000 feet northwest of where they join together.    
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NSA Crane is in the unglaciated Crawford upland physiographic province of southern Indiana, which is a 

rugged dissected plateau bordered on the west by the Wabash lowland and on the east by the Mitchell 

plain.  Bedrock geology is mapped as Pennsylvanian and Mississippian sandstones, limestones, and 

shales overlain by Quaternary-age deposits.  Groundwater flow in the area generally mimics topography 

and is assumed to flow northwest to the drainage channel toward Broom Branch.  Depth to groundwater 

at SWMU 11 is unknown; based on other site investigations in the area, it is expected to be less than 

20 feet bgs.  The site is located at an elevation of 690 feet above mean sea level (msl).  As shown on 

Figure 10-3, it is located at a topographic high point relative to the surrounding area.   

 

The NSA Crane facility was a rural, forested, and farmed area when it was commissioned as a Navy 

facility in 1941; the site has been part of the Navy facility since that time.  Most of NSA Crane is forested, 

including the area to the west of the site.  There are no known historical or cultural concerns, such as 

Native American burial grounds or historic landmarks on or in the vicinity of the site.  There is no land use 

controls (LUCs) associated with the site.  The nearest residence is located greater than 1 mile to the west 

of the site, beyond the western boundary of the Facility in the town of Burns City.  

  

10.2 SMWU 11 HISTORY 

The exact construction date for Building 225 is unknown; however, it was existing in 1947.  Based on 

historical drawings, a boiler room addition was designed to be added to the southwest side of the building 

in 1950.   The design included the installation of a UST that was 24 feet long and 5.5 feet in diameter 

approximately 40 feet south of the building.  The disposition of the UST is unknown. 

 

Building 225 and its contents were destroyed by a fire on July 13, 1976.  At the time Building 225 was 

destroyed by fire, it was used for inert storage of over 70,000 pounds of pentachlorophenol (PCP), 

approximately 50,000 gallons of paints, approximately 500 pounds of sodium flourescein dye, 

approximately 5,000 gallons of solvents (acetone, toluene, and methyl ethyl ketone), and various other 

items including inks, staples, and wax paraffin.  The cause of the fire has been attributed to deterioration 

of containers which allowed contents to seep out onto cardboard containers and wooden pallets, causing 

spontaneous ignition.  Stored inventory of cellulose nitrate binder and brown wrapping paper is believed 

to be the source of the fire.   

 

The NSA Crane Fire Department pumped more than 600,000 gallons of water onto the blaze which 

burned out of control for several hours.  The fire was contained to the Building 225 area, and no other 

buildings with exposure to the fire were threatened.  However, the fire extended to grass in the area due 

to 55-gallon drums and aerosol cans which exploded from the building and landed in the surrounding 

grassy area.  According to the “Fire Investigation” report, a slight northeast wind was reported during the 

fire (DON, 1976b).  Building 225 and its contents were destroyed by the fire.  Following the fire, the 

remaining debris and residue from the Building 225 site were removed and disposed off-site.  
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The concrete building slab, loading dock, and railroad siding spur have remained in place since 

Building 225 was destroyed by fire.  

 

10.3 PREVIOUS ENVIRONMENTAL INVESTIGATIONS AND ACTIONS 

Environmental concern was generated by the observation that runoff water used in fighting the fire was 

colored a brilliant fluorescent green (due to the sodium fluorescein which was stored in the building) and 

was entering the drainage channel northwest of the site.  The drainage channel discharged into Broom 

Branch, and then into First Creek and off the NSA Crane property.  First Creek, which also receives 

discharge from Lake Greenwood, flows off of NSA Crane and into White River near Newberry, Indiana.   

 

At the time of the fire, Broom Branch had little flow other than runoff from the water used in fighting the 

fire.  PCP, paints, sodium fluorescein, solvents, and other items stored in the building may have entered 

the surface drainage, and soils in the area of the site, during firefighting efforts, and may continue to be 

present in these areas.  According to the “Green Water” Report (DON, 1976a), a series of dams were 

constructed on Broom Branch to contain the impacted water shortly after the July 13, 1976 fire.  A copy of 

the Green Water Report is presented in Appendix D.  A schematic sketch in the Green Water report 

shows one dam (Dam #1) on the upstream side of the railroad tracks, and three additional dams (Dams 

#4, #2, and #3 - upstream to downstream) on Broom Branch downstream of the site and upstream of the 

discharge point into First Creek.  The actual location of the dams is unknown.  Dead fish were observed 

in the green water on July 14, 1976.   

 

On July 14, 1976, water samples were collected from the areas of the dams along Broom Branch and 

analyzed for the presence of toxic materials.  According to the Green Water Report, exhaustive analysis 

did not reveal any pollutants other than zinc, copper, lead, sodium fluorescein, and PCP.  The report 

concluded that the metals were confined to the area of the site, and the dye was “reasonably non-toxic,” 

leaving PCP as the primary contaminant of concern (COC).  On July 14, 1976, PCP concentrations at the 

site were reported at greater than 30 milligrams per liter (mg/L), they were 30 mg/L in Broom Branch just 

below the railroad tracks, and were not reported in more downstream locations.   

  

On July 14, 1976, water near the building was pumped out and transported to a concrete holding pond 

located near the Burns City Gate approximately 1 mile southwest of the site, as shown on Figure 10-1.  

The “Green Water Report” stated that several thousand gallons of water was pumped from the site and 

placed in a concrete reservoir to be properly disposed at a later date.  The “Green Water” Report does 

not specifically identify the concrete reservoir in which the water was placed.  The Building 2981 concrete 

tank was determined to be the most likely location of the concrete reservoir described in the “Green 

Water” Report.  The Building 2981 concrete pond was the only concrete reservoir known to exist at the 

time of the fire and had a large capacity; therefore, it is assumed that this is the concrete reservoir 

referenced in the “Green Water” Report.  The Building 2981 concrete tank was built as a sonobuoy test 

pond and has since been replaced with a smaller concrete test structure in the same location.  The 
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approximate location of the former concrete tank is shown on Figure 10-4.  On July 15, 1976, water from 

Broom Branch was pumped into fuel storage bladders for containment.   

 

During the afternoon of July 15, 1976, heavy precipitation added an estimated 10 to 20 million gallons of 

water to the watershed.  As a result, the water in Broom Branch flowed around Dam #2, and Dam # 3 was 

washed away.  Visibly green water left the NSA Crane property.  The visible limit of the dye is 0.2 mg/L; 

the highest value recorded off NSA Crane property was 0.4 mg/L.  Flow in the channel receded and flow 

around Dam #2 stopped on July 17, 1976.   

 

Contaminant concentrations decreased as the water moved downstream.  As previously mentioned, the 

PCP levels near the site were reported at greater than 30 mg/L (or 30,000 parts per billion [ppb]), and at 

30,000 ppb just downstream of the railroad tracks on July 14, 1976.  Further downstream the PCP levels 

in the reservoir above Dam # 2 were typically 60 to 100 ppb.  PCP levels in the water collected in the fuel 

bladders were 10 to 80 ppb. 

 

Water quality at the three bridges across First Creek downstream of NSA Crane property and upstream of 

the White River was continuously monitored.  The highest PCP level in First Creek at an offsite bridge 

(#2) downstream of NSA Crane was less than 10 ppb.   

 

Beginning on July 19, 1976, the water contained in the reservoir behind Dam # 2 was released in a 

controlled manner into Broom Branch downstream of Dam #2.  At the same time, the outflow from Lake 

Greenwood was manipulated to control the flow in First Creek so that no green water would be visible 

leaving the NSA Crane property.  During this process, green colored water was visible leaving NSA 

Crane at only one time.  The PCP level in the water leaving NSA Crane did not exceed 20 ppb.  Water 

contained in the fuel bladders was also discharged in the same manner.  The final disposition of the water 

collected and stored in the concrete reservoir is not known. 

 

10.4 CONCEPTUAL SITE MODEL 

Releases as a result of the fire in Building 225 are the likely source of potential contamination at SWMU 

11.  The historical information and analytical results from the “Green Water” Report (DON, 1976a) 

indicate that releases likely occurred directly onto the surface soil and potentially the subsurface soil, as 

well as migrating in the ditch and drainage channel sediment and floodplain soil following the hydrology 

for runoff.  The site had been used as a storage facility of various metals, solvents, paints, and 

combustibles.  Previous analytical results provide evidence that there was a release of zinc, copper, lead, 

sodium fluorescein, and PCP in the runoff, with all pollutants being confined, with the exception of PCP.   

An additional environmental concern is the possibility of residual contaminants from particulates resulting 

from the fire smoke that may have settled downwind of the site.   The Report of Fire Investigation (DON, 

1976b) reports that a northeast wind was blowing at 7 miles per hour during the fire, which may have 

dispersed airborne particulates in a southwesterly direction .   The surface soil, subsurface soil, sediment, 
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and groundwater had not been tested.  A CSM schematic is presented on Figure 10.5; the schematic is a 

generalized cross-section of the site facing southwest.   
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Based on site topography and the historical information of the fire, areas of interest, identified as 

Investigation Areas (IAs), include the following (see Figures 10-3 and 10-4): 

 

• IA-1 - Building 225 Sub-slab 

• IA-2 - Ditch (on northwest side of site) 

• IA-3 - Adjacent Areas 

• IA-4 – Downwind Areas 

• IA-5 - UST Area 

• IA-6 – Downgradient Area of Concrete Tank 

• IA-7 - Drainage Channel 

 
10.4.1 Potential Sources and Contaminants of Concern 

Based on historical information, the fire, including firefighting measures, led to environmental exposure 

from the chemicals stored in Building 225.  Because the list of chemicals may not be complete, the 

proposed sampling strategy for this site includes a wide range of potential contaminants.  The target 

analytes for this investigation were selected from the list of priority pollutant chemicals and is based on 

the contaminants suspected to be present at the site during the fire and those known to be present at 

other NSA Crane sites.  The analytical groups that will be investigated include: volatile organic 

compounds (VOCs); semivolatile organic compounds (SVOCs), including low level polycyclic aromatic 

hydrocarbons (PAHs); pesticides; polychlorinated biphenyls (PCBs); dioxins/furans; metals, and cyanide 

for surface soil, subsurface soil, sediment, and groundwater.  Worksheet No. 15 identifies the target 

analytes that are included in each analytical group for each type of environmental media.   

 

10.4.2 Potential Migration and Exposure Pathways 

After release to the soil, contamination may (1) result in a complete exposure pathway to human and 

ecological receptors, and/or (2) serve as a source of contamination to groundwater and surface water and 

result in a complete exposure pathway through those routes.  The impacts of contamination reaching First 

Creek may result in direct exposure to receptors in and along the stream.  Floating and dissolved 

contaminants may also have soaked into ditch and channel areas to act as a contaminant reservoir for 

migration to groundwater and result in direct exposure to contaminated soil and sediment.  Due to the 

firefighting measures and weather conditions in days following the fire, contamination affecting sediment 

in ditch and channel areas may have also soaked into the surrounding floodplain soil.  The only evidence 

of previous contamination, however, was to surface water which was later washed out by a storm event.   

Residual contaminants in the form of particulates resulting from the fire smoke may have settled 

downwind of the site.   Potential exposure pathways are illustrated on Figure 10-6 and Figure 10-7 for 

human and ecological receptors, respectively.   
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10.4.3 Potential Receptors 

Human receptors at SWMU 11 include people who currently, or could in the future, interact with 

contaminated media.  Current site users include workers in Buildings 2720 and 224 located within 

100 feet of the site, and trespassers.  The area is rural, and the nearest residence is more than 1 mile 

from the site.  However, because future land use is unknown, it is common practice to evaluate the future 

use of a property as residential.  Therefore, potential future receptors include residents and persons 

recreating at the site.  Human receptors may be exposed to different media based on their specific 

activities.  These media include surface and subsurface soil, sediment, and groundwater.  

 

Ecological receptors include animal and plant species that could be affected by the contaminants that are 

present at the site.  Typically, ecological receptors can be exposed only to surface media – surface soil, 

surface water, and upper layers of wetland or stream sediment.  Exposure of ecological receptors to 

groundwater and subsurface soil is not anticipated; however, contamination in subsurface soil or 

groundwater may serve as sources of contamination to sediment or surface water through subsurface 

transport or diffuse flow to streams.  The exposure media for ecological receptors are surface soil and 

sediment.  Terrestrial plants, invertebrates, and vertebrates are exposed to surface soil by direct contact 

and ingestion of soil and other food items.  Aquatic and semi-aquatic vegetation, benthic invertebrates, 

and aquatic organisms are exposed to sediment by direct contact and/or ingestion of sediment and other 

food items.  Benthic invertebrates or other aquatic organisms that may have contacted or ingested 

contaminated media may be consumed by wildlife.  Although terrestrial vertebrates may be exposed to 

chemicals found in the air via inhalation, this is not considered a significant pathway.  
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SAP Worksheet No. 11 -- Project Quality Objectives/Systematic Planning Process 
Statements 
(UFP-QAPP Manual Section 2.6.1) 
 
This section describes the development of PQOs using USEPA’s seven-step DQO/Systematic Planning 

Process. 

 

11.1 PROBLEM STATEMENT 

Based on site history and the CSM, it is unknown whether site-related contaminants are present in 

environmental media at SWMU 11 at concentrations that exceed applicable risk-based human health or 

ecological screening values.  The data from the initial screening sampling event will be used with 

supplemental investigation data as deemed necessary by Project Team to locate contaminated areas, 

and to conduct a Human Health Risk Assessment (HHRA) and/or an Ecological Risk Assessment (ERA),   

If there is unacceptable risk to ecological or human receptors form exposure to site contaminants the 

project team will evaluate remedial alternatives in a Corrective Measures Study. 

 

11.2 IDENTIFY THE INPUTS TO THE DECISIONS 

The following chemical and physical data are needed to attain project objectives: 

 

1. Chemical data:  Surface and subsurface soil, sediment, and groundwater chemical data will be 

collected and analyzed to determine if target analytes are present in site media.  The list of target 

analytes and associated Project Screening Levels (PSLs) for each matrix are presented in Worksheet 

No. 15.  The sampling methods are presented in Worksheet No. 18, and the analytical methods are 

presented in Worksheet No. 19. 

 

2. Subsurface soil screening:  A photoionization detector (PID) will be used to measure VOCs and 

certain SVOCs (including PAH) levels in subsurface soil samples.  Analyses will be conducted on the 

most contaminated subsurface soil interval at each boring location, based on the maximum PID 

reading.   Visual observations will also be used to assist in the identification of subsurface soil with 

the greatest potential for contamination.  The PID will be used in accordance with the manufacturer’s 

guidance. 

 
3. Physical:  Well stabilization parameters will be measured during groundwater sampling to ensure that 

representative groundwater data is collected and to support risk calculations, if they become 

necessary. 

 
4. Project Screening Levels (PSLs):  The SWMU 11 RFI requires chemical data that can be compared 

to current USEPA and IDEM residential surface and subsurface soil, sediment, and groundwater risk-

based screening criteria.   The risk and regulatory criteria applicable to the SWMU 11 RFI include the 

IDEM Risk Integrated System of Closure (RISC) Default Closure Tables, Residential and Industrial 
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Closure Levels (R-DCLs and I-DCLs) (IDEM, 2009); USEPA Regions 3, 6 and 9 Residential Regional 

Screening Levels (R-RSLs) and risk-based migration-to-groundwater Soil Screening Levels 

(RBSSLs) for human health risk screening (USEPA, 2010a).  ERA PSLs were selected by choosing 

the lowest value among USEPA Ecological Soil Screening Levels (Eco-SSLs) for plant, invertebrate, 

mammalian and avian values and this was selected as the ecological screening value (USEPA, 2005-

2008).  Eco-SSLs were used preferentially as soil screening values; however, Eco-SSLs are currently 

available for only a few analytes.  USEPA Region 5 Ecological Screening Levels (ESLs) for soil (R5 

ESL-S) and sediment (R5 SED) (USEPA, 2003) were used for screening values for analytes that do 

not have an Eco-SSL.  The criterion for each analyte represents the PSL for each environmental 

matrix listed in Worksheet No. 15.  A comprehensive list of the relevant environmental and medium-

specific PSLs for the target analytes is provided in Appendix E. 

 

To conduct comparisons of site data to screening values for surface soil, subsurface soil, sediment, 

and groundwater, the selected laboratory(s) should be able to achieve Limits of Quantitation (LOQs) 

that are low enough to measure constituent concentrations that are less than the PSLs.   

 

Analytical data reported by the laboratory use the following reporting conventions:  All results below 

the Detection Limit (DL) will be considered nondetects; positive results reported at concentrations 

between the DL and LOQ will be reported with a “J” qualifier; and analytes not found (not detected) in 

a sample will be reported at the Limit of Detection (LOD) with a "U" qualifier. 

 

Several target analytes have PSLs that fall between the LOD and the LOQ.  “J” flagged data will be 

accepted to achieve project goals; however, greater scrutiny will be applied in these cases.  

Additionally, the inability to quantify select analytes to PSL levels with confidence will be addressed in 

the risk screening uncertainty analysis.  In cases where the laboratory LODs are greater than the 

PSLs, consistent with the USEPA Risk Assessment Guidance for Superfund, Part A (USEPA, 1989), 

if the analyte is not detected, the LOD will be reported and "U" qualified.  An evaluation of these 

analytes will be also presented in the uncertainty section of the risk screening in the RFI Report. 

 

5. Background:  The background data set for various media at NSA Crane will also be used to 

determine whether metals present on-site are naturally occurring or are site-related.  Background 

data for the various soil types identified at NSA Crane are described in the Final Base-Wide 

Background Soil Investigation Report for NSWC Crane (Tetra Tech, 2001).  For risk assessment 

purposes, in the event that an analyte concentration exceeds a PSL, but is less than or equal to an 

established background concentration, the analyte will not be considered a COPC.  For determining 

the extent of contamination, if a background concentration for a particular analyte is greater than the 

PSL for that analyte, the background concentration will replace the PSL prior to decision-making. 
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11.3 DEFINE THE STUDY BOUNDARIES 

Based on the CSM, the study will be performed in a step-wise manner and will address the area of 

SWMU 11 as shown on Figure 10-3, and the area adjacent to the Building 2981 concrete tank as shown 

on Figure 10-4.  Specific Investigative Areas  

 
The following items address the horizontal, vertical, and temporal boundaries for the initial screening 

sampling event of the study: 

 

1. Horizontal:  The horizontal boundary of the study is defined as the outer perimeter of the area where 

the Building 225 fire took place and the outlet area of the Building 2981 Concrete Tank, based on 

information from aerial photographs and previous investigations.  Horizontally, the area within SWMU 

11 boundaries and drainage channel to Broom Branch will be investigated.  Surface water is not of 

interest because the drainage channel is dry during part of the year.  Lateral expansion of the 

horizontal study boundary may be necessary if concentrations in site media exceed PSLs (and 

background concentrations for metals) in the initial sampling round. 

 

2. Vertical:  The vertical boundary of the study is defined as soil from the surface to the top of the water 

table, which is estimated at less than 20 feet bgs at the site.  Vertically, both surface and subsurface 

soil will be assessed.  The interval of interest for surface soil is 0 to 2 feet bgs; the interval of interest 

for subsurface soil is a 2-foot interval selected based on field screening with a PID and/or visual 

observations.  Surface soil data will be used for direct contact soil risk evaluations.  Subsurface soil 

data will be collected at greater than 2 feet bgs to investigate for potential migration-to-groundwater. 

 
3. Downwind Dioxin/Furan Investigation Area:  A select area downwind of the fire smoke will be 

sampled for dioxins/furans.  PSL exceedances at these locations would represent residual 

contaminants from particulates resulting from the fire smoke that may have settled downwind of the 

site.  As such, EU boundaries and EPCs to represent the IA-4 Downwind Area will be addressed 

separately, if deemed necessary by the Project Team.   

 

4. Groundwater: Groundwater downgradient of the known release may have been contaminated by 

infiltration of the runoff from firefighting measures.  Upgradient groundwater samples will also be 

collected to provide a reference population.  Groundwater will be assessed at the site by collecting 

groundwater samples during initial sampling.  Because there are no known monitoring wells in the 

immediate vicinity, depth to groundwater is not known, but it is presumed to be less than 20 feet bgs 

based on other site investigations in the area. 

 

5. Temporal:  All target analyte concentrations are anticipated to be relatively unchanged (stable) over 

the course of time needed to conduct the environmental investigations and into the foreseeable 

future; therefore, no temporal constraints exist.  SWMU 11 RFI initial sampling event field activities 
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are scheduled for early 2011.  Subsequent field sampling activities, if deemed necessary based on 

the initial sampling event results, will be conducted in a timely manner.  

 
 

The study area boundary may expand if COPCs are identified in relative site media.  

. 

 

11.4 DEVELOP THE ANALYTIC APPROACH 

The decision statements for each step of the study are as follows:   

 
Initial Screening 

Based on the results from the initial screening sampling event, determine whether chemical 

concentrations in site media (surface and subsurface soil, sediment, and groundwater) exceed the PSLs 

within and around areas that are the most likely areas to have been impacted by the fire at SWMU 11.   If 

chemical concentrations in site media are less than the lowest risk-based screening values, then the 

Project Team will recommend No Further Action (NFA) for the site, and the Navy will submit a Closure 

Report to IDEM. 

 

If any analyte is detected in site media at a maximum concentration that exceeds a risk-based screening 

value and is greater than the site-specific background concentration (for metals), the Project Team will 

meet to discuss a path forward.  The Project Team will review the analytes that exceed the risk-based 

screening values based on specific factors that include the following: 

 

• The environmental media that is identified with an exceedance, 

• The particular compound(s) that is identified with an exceedance, and 

• The magnitude of any exceedance, in frequency, distribution of samples, and concentrations as 

compared to the screening value. 

 
The decision rules for the initial screening sampling event of this investigation are as follows: 

 

1. If target analyte concentrations in all surface and subsurface soil and sediment samples in the initial 

round of sampling are less than PSLs, then recommend NFA.   

2. For each target analyte, if the maximum measured concentration in any medium exceeds its human 

health or ecological screening value (and applicable background concentration for metals), then 

classify the chemical as a human health or ecological Chemical of Potential Concern (COPC) for that 

medium and risk type and collect another round of data in order to conduct a human health and 

ecological risk assessment; otherwise, exclude the chemical from further consideration in the risk 

screening.   
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3. For target analytes that are detected in groundwater, if the maximum detected concentration of any 

analyte exceeds the PSL, then installation of permanent groundwater monitoring wells will be 

considered by the Project Team to assess and monitor groundwater conditions at the site; otherwise, 

no additional groundwater samples will be required. 

.      

 

Delineation of Exceedances of PSLs (and Background Concentrations for Metals) 

If any COPCs are identified in soil, sediment or groundwater following the initial sampling event, then the 

Project Team will return to the site to collect one round of  “step-out” samples (vertical or horizontal) to 

define the vertical and/or horizontal extent of COPC contamination.  The second round of data will be 

used with the first round of data to evaluate risk to site users and to identify Contaminants of Concern 

(COCs) for presentation in the RFI Report.  Delineation of COCs will be completed in the future if active 

remediation is required, which will be determined through an evaluation of corrective measures in the 

Corrective Measures Study (CMS).   

 

 

Risk Assessment 

 

Once COPCs have been identified and the second round of data is collected risk to site users will be 

evaluated.  If risks are not unacceptable, as determined through the human health and ecological risk 

assessments, the Project Team will meet to discuss a path forward.  Such a path would involve one or 

more of the following: 
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• Comparing chemical concentrations in site media to Industrial or Non-Default Closure (less 

conservative) criteria as potential options. 

• Addressing exceedances as uncertainties in the risk assessment and a Corrective Measures 

Study (CMS) and implementing risk management options such as institutional or engineering 

controls. 

 

To evaluate potential risk associated with exposure to soil and sediment, soil and sediment data collected 

across the defined EUs will be used to define EPCs, depending on the receptor for which the risk is being 

evaluated.  For industrial and residential receptors, the soil data collected from subdivided EUs will 

provide the basis for determining the soil EPCs.  These smaller subunits are more representative of the 

potential exposure associated with industrial and residential receptors.  Trespasser, construction worker, 

and recreational user EUs will be defined as the entire area between Highway 101 and the railroad 

tracks, with a linear distance of approximately 430 feet (as shown on Figure 10-2).  Therefore, data 

collected across the entire site will provide the basis for determining the EPCs for those receptors.   

 

Data that are considered to be representative of current site conditions, which will include all initial 

screening samples and one round of supplemental ”step-out” samples and random background samples 

that are needed to adequately define the levels of risk present on-site from COCs will be used in the risk 

assessment(s).  Human health risks will be developed in accordance with USEPA Risk Assessment 

Guidance (USEPA, 1989), and ecological risks will be developed in accordance with USEPA Ecological 

Risk Assessment Guidance (USEPA, 1997).   

 

For soil, average concentrations, as represented by the 95-percent upper confidence limit (UCL) of the 

arithmetic mean, will be determined for each EU, specific to the human receptor which it represents.  The 

UCL will be determined using USEPA’s ProUCL software (Version 4.00.05, or most current) and will be 

used to represent the EPC for soil.  Surface soil, combined surface and subsurface soil, and sediment 

concentrations will be computed for the HHRA.  For groundwater, maximum detected concentrations will 

be used to represent EPCs.   

 

If COPC concentrations in the receptor exposure units defined for any medium represent an 

unacceptable human health risk, then proceed to a CMS; otherwise, recommend NFA from a human 

health perspective.  Unacceptable human health risk is defined for this project as incremental lifetime 

cancer risk (ILCR) estimates exceeding the risk range of 1x10-6 to 1x10-4, or a non-cancer risk (i.e., 

hazard indices) exceeding 1 (on a target-organ specific basis).  Risk management decisions will be made 

for risk from carcinogens that is within the acceptable range of 1x10-4 and 1x10-6.   

 

For ecological risk screening, the maximum detected concentrations of each COPC in all surface soil, 

sediment, and groundwater samples will be compared to PSLs to determine if an analyte is a Chemical of 

Potential Ecological Concern (COPEC).  Average concentrations (arithmetic means) of surface soil data 
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or sediment data will be used in food-chain modeling.  If risks for defined receptor exposure units are 

determined to be “unacceptable” based on an evaluation of several lines of evidence (e.g., number of 

exceedances of screening criteria, magnitude of the exceedances of screening criteria, spatial distribution 

of data, home range, background concentrations, etc.), then the Project Team will determine the need to 

conduct a Baseline Ecological Risk Assessment (ERA) or consider the potential risks with respect to 

remedial actions.   

 

For COCs detected in groundwater, if the maximum measured concentration of any COC exceeds the 

PSL, then permanent groundwater monitoring wells will be considered by the Project Team for installation 

to assess and monitor groundwater conditions at the Site. 

 

11.5 SPECIFY PERFORMANCE OR ACCEPTANCE CRITERIA 

Because the initial screening sampling event sample locations depend on biased sampling, probability 

limits for false positive and false negative decision errors were not established for soil, sediment, or 

groundwater samples.  Simple comparisons of measured concentrations to PSLs will be used.  Sample 

locations were selected to determine the nature of surface and subsurface soil, sediment, and 

groundwater contamination from areas most likely to be contaminated based on the CSM.   
 

This biased selection of sample locations does not support the use of quantitative statistics to estimate 

decision performance, as specified in the USEPA QA/G-4, QA/G-5, and QA/G-5S DQO guidance 

documents (USEPA, 2006, 2002a, and 2002b, respectively).  However, the quantity of samples to be 

collected in the initial sampling round is deemed sufficient by the Project Team to determine whether 

unacceptable environmental conditions are present.  

 

The Project Team will use the data from the initial screening sampling event, and additional data collected 

to conduct risk assessment, as well as additional random background data to determine whether the 

amount and type of data collected are sufficient to support the attainment of project objectives, which 

include the identification of COPCs to support the planned risk assessment calculations for human health 

and ecological receptors.  This process may involve an evaluation of contaminant concentrations and 

uncertainty for contaminants that have PSLs which are below the LODs to ensure that contaminants are 

likely to have been detected, if present.  If all data have been collected as planned and no data points are 

missing or rejected for quality reasons, the investigation will be considered satisfactory.  If any data gaps 

are identified, including missing or rejected data, the Project Team will assess whether the project 

objectives have been obtained.  This assessment will depend on the number and type of identified data 

gaps; therefore, a more detailed strategy cannot be presented at this time.  All stakeholders, including the 

IDEM RPM, the Navy RPM and ERSM, and the Tetra Tech PM, will be involved in rendering the final 

conclusion by consensus regarding adequacy of the data.  All analytical data collected per the sampling 

design should meet the QA criteria established in Worksheet Nos. 19 through 37 and the prescribed 

detection limit requirements for each COPC.   
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11.6 DEVELOP THE PLAN FOR OBTAINING DATA 

Based on the information presented above, a detailed plan was developed to obtain the necessary data 

to answer the problem for the RFI.  The sampling design and rationale for all initial screening sampling 

event samples, “step-out” samples, and random background HHRA/ERA support samples that will be 

collected are provided in Worksheet No. 17. 
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SAP Worksheet No. 12 -- Measurement Performance Criteria Table – Field Quality Control Samples 
(UFP-QAPP Manual Section 2.6.2) 

 

Quality Control 
(QC) Sample Analytical Group Frequency Data Quality 

Indicators (DQIs) 
Measurement Performance 

Criteria (MPCs) 

QC Sample 
Assesses Error for 

Sampling (S), 
Analytical (A) or 

Both (S&A) 

Trip Blank 
 
VOCs 
 

One per cooler of 
VOC samples shipped 
to laboratory. 
 

Bias/ 
Contamination 

No analytes ≥ ½ LOQ, except 
common laboratory contaminants, 
which must be < LOQ. 

S & A 

Equipment Rinsate 
Blank All analytical groups 

One per 20 samples 
per matrix per 
sampling equipment1. 

Bias/ 
Contamination 

No analytes ≥ ½ LOQ, except 
common laboratory contaminants, 
which must be < LOQ. 

S & A 

Filtered Rinsate 
Blank 

Dissolved Metals (if 
necessary due to high 
turbidity) 

One per filter brand2. 
Bias/ 
Contamination 

No analytes ≥ ½ LOQ, except 
common laboratory contaminants, 
which must be < LOQ. 

S & A 

Field Duplicate (FD) All analytical groups One per 10 field 
samples. Precision 

Values > 5X LOQ:  Relative Percent 
Difference (RPD) must be ≤30 
(aqueous)3,4 ; ≤50 (solids)3,4. 

S & A 

Cooler Temperature 
Indicator All analytical groups One per cooler. Representativeness Temperature must be less than 6 

degrees Celsius (<6 °C). S 

 
1 – Equipment rinsate blanks will be collected if non-dedicated submersible pumps or other equipment are used. 
2 – A filtered rinsate blank will be collected if filtered samples (e.g., Dissolved Metals) are collected. 
3 – If duplicate values for non-metals are < 5x LOQ, absolute difference should be < 2x LOQ. 
4 – If duplicate values for metals are < 5x LOQ, absolute difference should be < 4x LOQ. 
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SAP Worksheet No. 13 -- Secondary Data Criteria and Limitations Table 
(UFP-QAPP Manual Section 2.7) 
 

Secondary Data 
Data Source 

(originating organization, report    
title and date) 

Data Generator(s) 
(originating organization, data 

types, data generation / 
collection dates) 

How Data Will Be Used Limitations on Data Use 

Aerial Photographs  Aerial Photographic Site 
Analysis, NSA Crane, Crane, 
Indiana 

USEPA, Characterization 
Research Division, 2005 

Data will be used to generate 
approximate storage building 
location on topographic or 
geographical information 
system maps and to select 
proposed boring locations at 
SMWU 11. 

None. 

“Green Water” 
Report 

Green Water Report for SWMU 
11, Naval Weapons Support 
Center, Crane, Indiana 

Department of the Navy, 
September 20, 1976 

Data was used to identify IAs. Due to the age of data, 
data will not be used in 
risk calculations.  The 
data would not represent 
current site conditions. 

Initial Assessment 
Study 

Initial Assessment Study of 
Naval Weapons Support Center, 
Crane, Indiana 

Naval Energy and 
Environmental Support 
Activity, May 1983 

Data was used to identify IAs. Due to the age of data, 
data will not be used in 
risk calculations.  The 
data would not represent 
current site conditions. 

Background Metals 
Study 

Basewide background Soil 
investigation report, naval 
Surface warfare Center crane, 
Crane, Indiana 

Naval facilities Engineering 
Command, January 2001 

Data may be used to 
recalculate environmental risks. 

None, the data were fully 
validated. 
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SAP Worksheet No. 14 -- Summary of Project Tasks 
(UFP-QAPP Manual Section 2.8.1)   
 
14.1 FIELD INVESTIGATION TASK PLAN 

The field tasks are summarized below.  A short description of these tasks is also provided. 

 

• Mobilization/Demobilization 

• Site-Specific Health and Safety Training 

• Utility Clearance 

• Monitoring Equipment Calibration 

• Sample Collection Tasks 

• Surface and Subsurface Soil Boring Sampling 

• Sediment Sampling 

• Groundwater Well Installation and Development 

• Groundwater Sampling 

• Investigation-Derived Waste (IDW) Management 

• Global Positioning System (GPS) Locating 

• Field Decontamination Procedures 

• Field Documentation Procedures 

• Sample Custody and Shipment Tasks 

• Quality Control Tasks 

 

Mobilization/Demobilization 

Mobilization will consist of the delivery of all equipment, materials, and supplies to the site, complete 

assembly in satisfactory working order of all such equipment at the site, and satisfactory storage at the 

site of all such materials and supplies.  Tetra Tech will coordinate with the Navy to identify appropriate 

locations for the storage of equipment and supplies.  Site-specific health and safety training for all Tetra 

Tech subcontractors will be provided as part of site mobilization. 

 

Demobilization will consist of the prompt and timely removal of all equipment, materials, and supplies 

from the site following completion of the work.  Demobilization includes the cleanup and removal of IDW 

generated during the conduct of the investigation.   

 

Site-Specific Health and Safety Training 

There are no specialized/non-routine project specific training requirements or certifications needed by 

personnel to successfully complete the project or tasks.  All field personnel will have appropriate training 

to conduct the field activities to which they are assigned.  Each site worker will be required to have 



Project-Specific SAP Title: SAP for SWMU 11 RFI 
Site Name/Project Name: NSA Crane Date: March 2011 
Site Location: Crane, Indiana  

 

121001 (Worksheet No. 14) Page 41 of 147 CTO F27E 

completed the OSHA 40-hour course (and 8-hour refresher, if applicable) in Health and Safety Training.  

Safety requirements are addressed in greater detail in the site-specific HASP.  

 

Utility Clearance 

Prior to commencing any work at NSA Crane, the Comprehensive Work Approval Process (CWAP) will 

be followed.  The CWAP will identify constraints in the work area, such as the locations of eagle’s nests, 

archaeological sites, wetlands, etc., that may affect work at the site and other requirements that must be 

met prior to commencing work.  One week prior to the commencement of any subsurface intrusive 

activities, the Tetra Tech FOL or designee will contact Indiana Underground Plant Protection Services 

(IUPPS) to complete a utility clearance ticket for the areas under investigation.  Work permits, if required 

by the facility, will be obtained prior to conducting field activities.  The Tetra Tech FOL will be responsible 

for coordinating these activities.   

 

Monitoring Equipment Calibration 

These procedures are described in Worksheet No. 22. 

 

Sample Collection Tasks 

Site-specific Standard Operating Procedures (SOPs) have been developed for field activities at this NSA 

Crane site, including sample collection tasks.  These SOPs are presented in Appendix A.  Sample 

labeling will be in accordance with SOP-02 (Sample Labeling, Appendix A), and the sample numbering 

scheme will be in accordance with SOP-03 (Sample Identification and Nomenclature, Appendix A).  

Methods for recording data will be in accordance with SOP-04 (Sample Custody and Documentation of 

Field Activities, Appendix A), and the selection of sample containers, sample preservation, packaging, 

and shipping will be in accordance with SOP-05 (Sample Preservation, Packaging, and Shipping, 

Appendix A).   

 

The sampling and analysis program is outlined in Worksheet No. 18, and the sampling requirements for 

each type of analyses (i.e., bottleware, preservation, holding time) are listed in Worksheet No. 19.  Field 

and laboratory QC samples will also be collected as outlined in Worksheet No. 20. 

 

Surface and Subsurface Soil Sampling 

Surface soils at NSA Crane are identified as the top 2 feet of soil (from 0 to 2 feet bgs).  Surface soil does 

not include surface pavement or gravel.  The ground surface will begin at the bottom of a pavement or 

gravel layer.  The demarcation line between gravel and surface soil will be where more than fifty percent 

of the material is soil based on a visual assessment by the sampler.  At locations where samples are 
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collected through a pavement layer, the pavement will be replaced in kind prior to demobilization of field 

activities. 

 

Soil samples will be collected in accordance with SOP-07 (Soil Coring and Sampling Using Hand Auger 

Techniques, Appendix A) and SOP-11 (Subsurface Soil and groundwater Sampling Using DPT, Appendix 

A).  Surface soil samples (from 0 to 2 feet bgs) will be collected with a hand auger, backhoe, or DPT, 

depending on site conditions.  Sample jars will be filled using either a decontaminated stainless steel 

trowel or dedicated disposable plastic trowel.  Subsurface soil samples will be collected using a DPT rig, 

DPT rig with auger, or backhoe, and stainless steel or disposable trowel.  The subsurface soil borings will 

be described by the Site Geologist in accordance with SOP-08 (Soil Sample Logging, Appendix A) and 

will be screened for evidence of contamination with a PID.  Use of the PID will be in accordance with the 

manufacturer’s instructions.  Any qualitative visual signs of potential contamination (such as soil staining) 

will be noted on the soil boring log.  

Sediment Sampling 

Sediment samples will be collected from two depths – 0 to 6 inches bgs, and 6 inches bgs to 12 inches 

bgs.   The sediment sampling procedures discussed in SOP-09 (Sediment Sampling, Appendix A) will be 

followed. 

 

Groundwater Sampling 

Initial screening groundwater samples will be collected using a DPT drill rig as described in SOP-11 

(Subsurface Soil and Groundwater Sampling Using Direct-Push Technology, Appendix A).   

  

Groundwater Well Installation and Development 

If determined to be necessary by the Project Team based on the initial screening sampling event results, 

additional groundwater wells will be installed in accordance with SOP-12 (Monitoring Well Installation, 

Appendix A).  Development and sampling of the wells will then be performed in accordance with SOP-13 

(Monitoring Well Development, Appendix A), SOP-14 (Measurement of Water Levels, Appendix A), SOP-

15 (Low Flow Well Purging and Stabilization, Appendix A), SOP-16 (Monitoring Well Sampling, Appendix 

A), and SOP-17 (Calibration and Care of Water Quality Meters, Appendix A).   

 

Investigation-Derived Waste Management 

It is not anticipated that significant volumes of solid or semi-solid IDW in the form of soil or sediment will 

be generated during field activities, including collection of surface and subsurface soil samples using DPT 

or backhoe excavations.  Soil will be replaced into the excavation from which it was excavated.  If gross 

contamination is encountered (e.g., any non-soil contaminated material such as free product or soil with 

PID readings greater than 100 parts per million [ppm]), then excavation will cease.  Any grossly 
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contaminated material that is brought to the surface will not be returned to the excavation but will be 

segregated from other excavated soil and placed on a plastic liner.  The grossly contaminated material 

will be securely staged until arrangements are made for proper off-site disposal.   

 

IDW that is generated, including personal protective equipment (PPE) and decontamination fluids, will be 

handled in accordance with SOP-10 (Management of Investigation-Derived Waste, Appendix A). 

 

Global Positioning System Locating 

A GPS unit will be used to locate all sampling points in accordance with SOP-01 (Global Positioning 

System, Appendix A).  The GPS equipment will be checked on control monuments before and after day’s 

use, and these checks will be documented in the field notebook.  To ensure sub-meter accuracy, the GPS 

SOP requires a minimum of six satellites to capture a position. 

 

Field Decontamination Procedures 

Sample containers will be provided certified clean (I-Chem 300 or equivalent) from Empirical and CFA.  

Decontamination of sampling equipment will not be necessary for this project if only dedicated and 

disposable hand trowels will be used.  However, if decontamination is necessary, the requirements 

outlined in this section will apply.  Decontamination of reusable sampling equipment (e.g., non-disposable 

hand trowels, hand augers, or DPT or backhoe equipment) will be conducted prior to sampling and 

between samples at each location.  Decontamination of equipment will be conducted according to the 

sequence established in SOP-06 (Decontamination of Field Sampling Equipment, Appendix A). 

 

Field Documentation Procedures 

Field documentation will be performed in accordance with SOP-04 (Sample Custody and Documentation 

of Field Activity, Appendix A). 

 

A summary of all field activities will be properly recorded in a bound logbook with consecutively number 

pages that cannot be removed.  Logbooks will be assigned to field personnel and will be stored in a 

secured area when not in use.  Field documentation will be performed in accordance with SOP-04 

(Sample Custody and Documentation of Field Activity, Appendix A). 

 

Sample Custody and Shipment Tasks 

Sample custody and shipment tasks are defined in SOP-05 (Sample Preservation, Packaging, and 

Shipping, Appendix A) and are discussed in Worksheet No. 27. 
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Quality Control Tasks 

QA/QC samples will be collected at frequencies listed in Worksheet No. 12.   

 

14.2 ADDITIONAL PROJECT-RELATED TASKS 

Additional project-related tasks include: 

 

• Analytical tasks 

• Data generation procedures 

• Data handling and management 

• Data tracking and control 

• Assessment and oversight 

• Data review 

• Project reports 

 

Analytical Tasks   

Chemical analyses for VOCs, SVOCs (including low level PAHs), PCBs, pesticides, metals, cyanide, and 

total organic carbon (TOC) will be performed by Empirical, which is a current Department of Defense 

(DoD) Environmental Laboratory Accreditation Program (ELAP) accredited laboratory.  Chemical 

analyses for dioxins/furans will be performed by CFA, which is also a current DoD ELAP accredited 

laboratory.  Copies of the DoD ELAP accreditation for Empirical and CFA are included in Appendix B.  

Analyses will be performed in accordance with the analytical methods identified in Worksheet No. 30.  

Empirical and CFA will meet the PSLs specified in Worksheet No. 15 and will perform the chemical 

analyses following laboratory-specific SOPs (see Worksheet Nos. 19 and 23) that were developed based 

on the methods listed in Worksheet Nos. 19 and 30.  Copies of laboratory SOPs are included in 

Appendix B. 

 

All soil results will be reported by the laboratory on a dry-weight basis.  Results of percent moisture will be 

reported in each analytical data package and associated electronic data deliverables (EDDs).  This 

information will also be captured in the project database, which will eventually be uploaded to Naval 

Installation Restoration information Solution (NIRIS).  Percent moisture information will also be captured 

in the RFI Report. 

 

The analytical data packages provided by Empirical and CFA will be in a contract laboratory program-like 

format and will be fully validatable and contain raw data, summary forms for all sample and laboratory 

method blank data, and summary forms containing all method specific quality control (results, recoveries, 

relative percent differences, relative standard deviations, and/or percent differences, etc.). 
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Data Generation Procedures 

• Project documentation and records include the following: 

- Field sample collection and field measurement records as described in Worksheet Nos. 27 and 

29. 

- Laboratory data package deliverables as described in the analytical specifications. 

- Data assessment documents and records as listed in Worksheet No. 29.  

• Data recording formats are described in Worksheet No. 27. 

 

Data Handling and Management  

After the RFI is completed, the field sampling log sheets will be organized by date and medium and filed 

in the project files.  The field logbooks for this project will be used only for this site and will also be 

categorized and maintained in the project files after the completion of the field program.  Project 

personnel completing concurrent field sampling activities may maintain multiple field logbooks.  When 

possible, logbooks will be segregated by sampling activity.  The field logbooks will be titled based on date 

and activity.  The data handling procedures to be followed by Empirical and CFA will meet the 

requirements of the technical specifications.  The electronic data results will be automatically downloaded 

into the Tetra Tech database in accordance with the proprietary Tetra Tech processes. 

 

Data Tracking and Control 

The Tetra Tech PM (or designee) is responsible for the overall tracking and control of data generated for 

the project.  

 

• Data Tracking.  Data are tracked from generation to archiving in the Tetra Tech project-specific files.  

The Tetra Tech Project Chemist (or designee) is responsible for tracking the samples collected and 

shipped to Empirical and CFA.  Upon receipt of the data packages from Empirical and CFA, the Tetra 

Tech Project Chemist will oversee the data validation effort, which includes verifying that the data 

packages are complete and results for all samples have been delivered by Empirical and CFA.    

 

• Data Storage, Archiving, and Retrieval.  The data packages received from Empirical and CFA are 

tracked in the data validation logbook.  After the data are validated, the data packages are entered 

into the Tetra Tech Navy CLEAN file system and archived in secure files.  The field records including 

field log books, sample logs, chain-of-custody records, and field calibration logs will be submitted by 

the Tetra Tech FOL to be entered into the Navy CLEAN file system prior to archiving in secure project 

files.  The project files are audited for accuracy and completeness.  At the completion of the Navy 

contract, the records will be stored by Tetra Tech.   
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• Data Security.  Access to Tetra Tech project files is restricted to designated personnel only.  

Records can only be borrowed temporarily from the project file using a sign-out system.  The Tetra 

Tech Data Manager maintains the electronic data files, and access to the data files is restricted to 

qualified personnel only.  File and data backup procedures are routinely performed.   

 

Assessment and Oversight 

Refer to Worksheet No. 32 for assessment findings and corrective actions and to Worksheet No. 33 for 

QA Management Reports. 

 

Data Review 

Data verification is described in Worksheet No. 34, data validation is described in Worksheet Nos. 35 and 

36, and usability assessment is described in Worksheet No. 37. 

 

Project Reports – Draft and final versions of project reports will be prepared and submitted to the Navy 

and IDEM for review.  The reports will include the following sections: 

 

• Executive Summary – will include a brief description of the work conducted and the findings. 

 

• Introduction and Background – will include a description of the history of operations and activities at 

the site and a summary of any previous investigations and removal actions. 

 

• Description of Field Investigations – will include a summary of the work performed in accordance with 

the approved SAP and any field modifications as documented by the Tetra Tech FOL.  This section 

will include maps showing the sampling locations and tables summarizing the data collected. 

 

• Data Quality – will include a summary of quantitative analytical performance indicators such as 

completeness, precision, accuracy, bias, and sensitivity and qualitative indicators such as 

representativeness and comparability.  This section includes a reconciliation of project data with the 

DQOs and an identification of deviations from this SAP.   

 

A data usability assessment will be used to identify significant deviations in analytical performance 

that could affect the ability to meet project objectives.  The elements of this review are presented in 

Worksheet No. 37.   

 

• Nature and Extent of Contamination – will include a discussion of the contamination detected in each 

medium sampled in relation to the CSM of the site.  This section will note the removals previously 

conducted (if applicable), contamination addressed, and any additional contaminants found during 
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this field effort.  Detected contaminant concentrations will be tabulated for each medium and depicted 

on maps. 

 

• Contaminant Fate and Transport – will include a description of the contaminants detected and their 

behavior in soil, bedrock, groundwater, surface water, and sediment, particularly with emphasis on 

the future migration of these contaminants to any possible exposure areas. 

 

• Summary and Conclusions – includes a summary of the findings, conclusions as to whether 

delineation of contamination is adequate, and recommendations for further investigations, if needed.   

 

Tetra Tech will submit the draft report and respond to comments received on the draft report before any 

additional sampling begins.  The final version of the report will submitted in hardcopy and electronic 

format to the project stakeholders. 

.
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SAP Worksheet No. 15 -- Reference Limits and Evaluation Table 
(UFP-QAPP Manual Section 2.8.1) 
 
 
Matrix: Soil 
Analytical Group: VOCs 
 

Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

 DL   
(mg/kg) HHRA ERA HHRA ERA 

1,1,1-Trichloroethane 71-55-6 1.9 29.8 R-DCL R5 ESL-S 0.63 0.005 0.0025 0.00125 

1,1,2,2-Tetrachloroethane 79-34-5 0.00052 0.127 RBSSL R5 ESL-S 1.7E-04 0.005 0.0025 0.00125 

1,1,2-Trichloro-1,2,2-
trifluoroethane (Freon 113) 76-13-1 3,000 NC RBSSL None 1,000 0.005 0.0025 0.00125 

1,1,2-Trichloroethane 79-00-5 0.0016 28.6 RBSSL R5 ESL-S 5.3E-04 0.005 0.0025 0.00125 

1,1-Dichloroethane 75-34-3 0.014 20.1 RBSSL R5 ESL-S 0.0047 0.005 0.0025 0.00125 

1,1-Dichloroethene 75-35-4 0.058 8.28 R-DCL R5 ESL-S 0.019 0.005 0.0025 0.00125 

1,2,3-Trichlorobenzene 87-61-6 1.7 NC RBSSL None 0.57 0.005 0.0025 0.00125 

1,2,4-Trichlorobenzene 120-82-1 0.14 11.1 RBSSL R5 ESL-S 0.047 0.005 0.0025 0.00125 

1,2-Dibromo-3-chloropropane  
(DBCP) 96-12-8 0.0000028 0.0352 RBSSL R5 ESL-S 9.3E-07 0.005 0.0025 0.00125 

1,2-Dibromoethane  (EDB) 106-93-4 0.000036 1.23 RBSSL R5 ESL-S 1.2E-05 0.005 0.0025 0.00125 

1,2-Dichlorobenzene 95-50-1 7.2 2.96 RBSSL R5 ESL-S 0.99 0.005 0.0025 0.00125 

1,2-Dichloroethane 107-06-2 0.00084 21.2 RBSSL R5 ESL-S 2.8E-04 0.005 0.0025 0.00125 

1,2-Dichloropropane 78-87-5 0.0026 32.7 RBSSL R5 ESL-S 8.7E-04 0.005 0.0025 0.00125 

1,3-Dichlorobenzene 541-73-1 2.3 37.7 R-DCL R5 ESL-S 0.77 0.005 0.0025 0.00125 

1,4-Dichlorobenzene 106-46-7 0.0082 0.546 RBSSL R5 ESL-S 0.0027 0.005 0.0025 0.00125 

2-Butanone (MEK) 78-93-3 30 89.6 RBSSL R5 ESL-S 10 0.010 0.005 0.0025 

2-Hexanone 591-78-6 0.22 12.6 RBSSL R5 ESL-S 0.073 0.010 0.005 0.0025 
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Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

 DL   
(mg/kg) HHRA ERA HHRA ERA 

4-Methyl-2-pentanone (MIBK) 108-10-1 9.0 443 RBSSL R5 ESL-S 3.0 0.010 0.005 0.0025 

Acetone 67-64-1 28 2.5 R-DCL R5 ESL-S 0.83 0.010 0.005 0.0025 

Benzene 71-43-2 0.0042 0.255 RBSSL R5 ESL-S 0.0014 0.005 0.0025 0.00125 

Bromochloromethane 74-97-5 NC NC None None NC 0.005 0.0025 0.00125 

Bromodichloromethane 75-27-4 0.00064 0.54 RBSSL R5 ESL-S 2.1E-04 0.005 0.0025 0.00125 

Bromoform 75-25-2 0.046 15.9 RBSSL R5 ESL-S 0.015 0.005 0.0025 0.00125 

Bromomethane 74-83-9 0.044 0.235 RBSSL R5 ESL-S 0.015 0.010 0.005 0.0025 

Carbon disulfide 75-15-0 6.2 0.0941 RBSSL R5 ESL-S 0.031 0.005 0.0025 0.00125 

Carbon tetrachloride 56-23-5 0.0034 2.98 RBSSL R5 ESL-S 0.0011 0.005 0.0025 0.00125 

Chlorobenzene 108-90-7 1.2 13.1 RBSSL R5 ESL-S 0.40 0.005 0.0025 0.00125 

Chloroethane 75-00-3 0.65 0.65 R-DCL R5 ESL-S 0.22 0.010 0.005 0.0025 

Chloroform 67-66-3 0.0011 1.19 RBSSL R5 ESL-S 3.7E-04 0.005 0.0025 0.00125 

Chloromethane 74-87-3 0.98 10.4 RBSSL R5 ESL-S 0.33 0.010 0.005 0.0025 

cis-1,2-Dichloroethene 156-59-2 0.4 0.7837 R-DCL R5 ESL-S 0.13 0.005 0.0025 0.00125 

cis-1,3-Dichloropropene 10061-01-5 0.0030 0.3979 RBSSL R5 ESL-S 0.0010 0.005 0.0025 0.00125 

Cyclohexane 110-82-7 69 NC R-DCL None 23 0.005 0.0025 0.00125 

Dibromochloromethane 124-48-1 0.00078 2.05 RBSSL R5 ESL-S 2.6E-04 0.005 0.0025 0.00125 

Dichlorodifluoromethane 75-71-8 12.2 39.5 RBSSL R5 ESL-S 4.1 0.010 0.005 0.0025 

Ethylbenzene 100-41-4 0.034 5.16 RBSSL R5 ESL-S 0.011 0.005 0.0025 0.00125 

Isopropylbenzene 98-82-8 11 NC R-DCL None 3.7 0.005 0.0025 0.00125 

Methyl acetate 79-20-9 150 NC RBSSL None 50 0.010 0.005 0.0025 

Methylcyclohexane 108-87-2 NC NC None None NC 0.005 0.0025 0.00125 

Methylene chloride 75-09-2 0.023 4.05 R-DCL R5 ESL-S 0.0077 0.010 0.005 0.0025 
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Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

 DL   
(mg/kg) HHRA ERA HHRA ERA 

Methyl-tert-butyl ether 1634-04-4 0.056 NC RBSSL None 0.019 0.005 0.0025 0.00125 

Styrene 100-42-5 3.5 4.69 R-DCL R5 ESL-S 1.2 0.005 0.0025 0.00125 

Tetrachloroethene 127-18-4 0.00098 9.92 RBSSL R5 ESL-S 3.3E-04 0.005 0.0025 0.00125 

Toluene 108-88-3 12 5.45 R-DCL R5 ESL-S 1.8 0.005 0.0025 0.00125 

trans-1,2-Dichloroethene 156-60-5 0.62 0.784 RBSSL R5 ESL-S 0.21 0.005 0.0025 0.00125 

trans-1,3-Dichloropropene 10061-02-6 0.0030 0.3979 RBSSL R5 ESL-S 0.0010 0.005 0.0025 0.00125 

Trichloroethene 79-01-6 0.014 12.4 RBSSL R5 ESL-S 0.0047 0.005 0.0025 0.00125 

Trichlorofluoromethane 75-69-4 17 16.4 RBSSL R5 ESL-S 5.5 0.010 0.005 0.0025 

Vinyl chloride 75-01-4 0.00011 0.646 RBSSL R5 ESL-S 3.7E-05 0.010 0.005 0.0025 

Xylenes (total) 1330-20-7 4.0 10 RBSSL R5 ESL-S 1.3 0.015 0.0075 0.00375 

 
CAS – Chemical Abstracts Service 
mg/kg – milligrams per kilogram 
PQLG – Project Quantitation Limit Goal 
NC – No Criteria 
 
1   The PSL references for surface and subsurface soil are:  RBSSL - USEPA Regions 3, 6, and 9 Risk-Based Soil Screening Level, Migration to Groundwater, Dilution Attenuation Factor (DAF) 
= 20 (November, 2010); R-RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens (November, 2010); R-
DCL – IDEM Residential Default Closure Level (May, 2009); Eco-SSL – USEPA Ecological Soil Screening Levels (2005-2008); R5 ESL-S – USEPA Region 5 Ecological Screening Level, Soil 
(August, 2003).  Refer to Appendix E for further explanation and justification of PSLs. 
 
Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
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Matrix: Soil 
Analytical Group: SVOCs (including Low Level PAHs) 
 

Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

1,1'-Biphenyl 92-52-4 380 NC RBSSL None 130 0.333 0.167 0.083 

1,2,4,5-Tetrachlorobenzene 95-94-3 1.0 2.02 RBSSL R5 ESL-S 0.33 0.333 0.167 0.083 

1,4-Dioxane 123-91-1 0.0028 2.05 RBSSL R5 ESL-S 0.00093 0.333 0.167 0.083 

2,2'-Oxybis(1-chloropropane) 108-60-1 0.0024 19.9 RBSSL R5 ESL-S 8.0E-04 0.333 0.167 0.083 

2,3,4,6-Tetrachlorophenol 58-90-2 130 0.199 RBSSL R5 ESL-S 0.066 0.333 0.167 0.083 

2,4,5-Trichlorophenol 95-95-4 250 14.1 R-DCL R5 ESL-S 4.7 0.333 0.167 0.083 

2,4,6-Trichlorophenol 88-06-2 0.07 9.94 R-DCL R5 ESL-S 0.023 0.333 0.167 0.083 

2,4-Dichlorophenol 120-83-2 1.1 87.5 R-DCL R5 ESL-S 0.37 0.333 0.167 0.083 

2,4-Dimethylphenol 105-67-9 9 0.01 R-DCL R5 ESL-S 0.0033 1.33 0.667 0.333 

2,4-Dinitrophenol 51-28-5 0.29 0.0609 R-DCL R5 ESL-S 0.020 0.333 0.167 0.083 

2,4-Dinitrotoluene 121-14-2 0.0058 1.28 RBSSL R5 ESL-S 0.0019 0.333 0.167 0.083 

2,6-Dinitrotoluene 606-20-2 1.0 0.0328 RBSSL R5 ESL-S 0.011 0.333 0.167 0.083 

2-Chloronaphthalene 91-58-7 42 0.0122 R-DCL R5 ESL-S 0.0041 0.333 0.167 0.083 

2-Chlorophenol 95-57-8 0.75 0.243 R-DCL R5 ESL-S 0.081 0.333 0.167 0.083 

2-Methylphenol (o-Cresol) 95-48-7 14 40.4 R-DCL R5 ESL-S 4.7 0.333 0.167 0.083 

2-Nitroaniline 88-74-4 0.67 74.1 R-DCL R5 ESL-S 0.22 1.33 0.667 0.333 

2-Nitrophenol 88-75-5 1.6 1.6 RBSSL R5 ESL-S 0.53 1.33 0.667 0.333 

3,3'-Dichlorobenzidine 91-94-1 0.020 0.646 RBSSL R5 ESL-S 0.0067 0.333 0.167 0.083 

3-Methylphenol (m-Cresol) 108-39-4 9.8 3.49 R-DCL R5 ESL-S 1.2 0.333 0.167 0.083 

3-Nitroaniline 99-09-2 NC 3.16 None R5 ESL-S 1.05 1.33 0.667 0.333 

4,6-Dinitro-2-methylphenol 534-52-1 0.10 0.144 RBSSL R5 ESL-S 0.033 3.3 1.67 0.83 
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Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

4-Bromophenyl phenyl ether 101-55-3 NC NC None None NC 0.333 0.167 0.083 

4-Chloro-3-methyl phenol 59-50-7 86 7.95 RBSSL R5 ESL-S 2.6 0.333 0.167 0.083 

4-Chloroanaline 106-47-8 0.0028 1.1 RBSSL R5 ESL-S 9.3E-04 0.333 0.167 0.083 

4-Chlorophenyl phenyl ether 7005-72-3 NC NC None None NC 0.333 0.167 0.083 

4-Methylphenol (p-Cresol) 106-44-5 1.1 163 R-DCL R5 ESL-S 0.37 0.333 0.167 0.083 

4-Nitroaniline 100-01-6 0.028 21.9 RBSSL R5 ESL-S 0.0093 1.33 0.667 0.333 

4-Nitrophenol 100-02-7 NC 5.12 None R5 ESL-S 1.7 1.33 0.667 0.333 

Acetophenone 98-86-2 22 300 RBSSL R5 ESL-S 7.3 0.333 0.167 0.083 

Atrazine 1912-24-9 0.0038 NC RBSSL None 0.0013 0.333 0.167 0.083 

Benzaldehyde 100-52-7 16.2 NC RBSSL None 5.4 0.333 0.167 0.083 

Bis(2-chloroethoxy)methane 111-91-1 0.50 0.302 RBSSL R5 ESL-S 0.10 0.333 0.167 0.083 

Bis(2-chloroethyl)ether 111-44-4 0.000062 23.7 RBSSL R5 ESL-S 2.1E-05 0.333 0.167 0.083 

Bis(2-ethylhexyl)phthalate 117-81-7 22 0.925 RBSSL R5 ESL-S 0.31 0.333 0.167 0.083 

Butyl benzyl phthalate 85-68-7 10 0.239 RBSSL R5 ESL-S 0.080 0.333 0.167 0.083 

Caprolactam 105-60-2 90 NC RBSSL None 30 0.333 0.167 0.083 

Carbazole 86-74-8 5.9 NC R-DCL None 2.0 0.333 0.167 0.083 

Dibenzofuran 132-64-9 4.9 NC R-DCL None 1.6 0.333 0.167 0.083 

Diethyl phthalate 84-66-2 240 24.8 RBSSL R5 ESL-S 8.3 0.333 0.167 0.083 

Dimethyl phthalate 131-11-3 240 734 RBSSL R5 ESL-S 80 0.333 0.167 0.083 

Di-n-butyl phthalate 84-74-2 184 0.15 RBSSL R5 ESL-S 0.050 0.333 0.167 0.083 

Di-n-octyl phthalate 117-84-0 2,000 709 R-DCL R5 ESL-S 240 0.333 0.167 0.083 

Hexachlorobenzene 118-74-1 0.011 0.199 RBSSL R5 ESL-S 0.0037 0.333 0.167 0.083 

Hexachlorobutadiene 87-68-3 0.034 0.0398 RBSSL R5 ESL-S 0.011 0.333 0.167 0.083 
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Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

Hexachlorocyclopentadiene 77-47-4 14 0.755 RBSSL R5 ESL-S 0.25 0.333 0.167 0.083 

Hexachloroethane 67-72-1 0.058 0.596 RBSSL R5 ESL-S 0.019 0.333 0.167 0.083 

Isophorone 78-59-1 0.46 139 RBSSL R5 ESL-S 0.15 0.333 0.167 0.083 

Nitrobenzene 98-95-3 0.0016 1.31 RBSSL R5 ESL-S 5.3E-04 0.333 0.167 0.083 

N-Nitrosodi-n-propylamine 621-64-7 0.00014 0.544 RBSSL R5 ESL-S 4.7E-05 0.333 0.167 0.083 

N-Nitrosodiphenylamine 86-30-6 1.5 0.545 RBSSL R5 ESL-S 0.18 0.333 0.167 0.083 

Pentachlorophenol 87-86-5 0.028 2.1 R-DCL Eco-SSL 0.0093 1.33 0.667 0.333 

Phenol 108-95-2 56 120 R-DCL R5 ESL-S 19 0.333 0.167 0.083 

PAHs2 

2-Methylnaphthalene 91-57-6 3.1 29 R-DCL Eco-SSL 1.0 0.010 0.005 0.0025 

Acenaphthene 83-32-9 130 29 R-DCL Eco-SSL 9.7 0.010 0.005 0.0025 

Acenaphthylene 208-96-8 18 29 R-DCL Eco-SSL 6.0 0.010 0.005 0.0025 

Anthracene 120-12-7 1,700 29 R-RSL Eco-SSL 9.7 0.010 0.005 0.0025 

Benzo(a)anthracene 56-55-3 0.15 1.1 R-RSL Eco-SSL 0.050 0.010 0.005 0.0025 

Benzo(a)pyrene 50-32-8 0.015 1.1 R-RSL Eco-SSL 0.0050 0.010 0.005 0.0025 

Benzo(b)fluoranthene 205-99-2 0.15 1.1 R-RSL Eco-SSL 0.050 0.010 0.005 0.0025 

Benzo(g,h,i)perylene 191-24-2 170 1.1 R-RSL Eco-SSL 0.37 0.010 0.005 0.0025 

Benzo(k)fluoranthene 207-08-9 1.5 1.1 R-RSL Eco-SSL 0.37 0.010 0.005 0.0025 

Chrysene 218-01-9 15 1.1 R-RSL Eco-SSL 0.37 0.010 0.005 0.0025 

Dibenzo(a,h)anthracene 53-70-3 0.015 1.1 R-RSL Eco-SSL 0.0050 0.010 0.005 0.0025 

Fluoranthene 206-44-0 230 29 R-RSL Eco-SSL 9.7 0.010 0.005 0.0025 

Fluorene 86-73-7 170 29 R-DCL Eco-SSL 9.7 0.010 0.005 0.0025 

Indeno(1,2,3-c,d)pyrene 193-39-5 0.15 1.1 R-RSL Eco-SSL 0.050 0.010 0.005 0.0025 
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Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

Naphthalene 91-20-3 0.0094 29 RBSSL Eco-SSL 0.0031 0.010 0.005 0.0025 

Phenanthrene 85-01-8 13 29 R-DCL Eco-SSL 4.3 0.010 0.005 0.0025 

Pyrene 129-00-0 170 1.1 R-RSL Eco-SSL 0.37 0.010 0.005 0.0025 

 
Notes: 
 
1   The PSL references for surface and subsurface soil are:  RBSSL - USEPA Regions 3, 6, and 9 Risk-Based Soil Screening Level, Migration to Groundwater, DAF = 20 (November, 2010); R-
RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens (November, 2010); R-DCL – IDEM Residential 
Default Closure Level (May, 2009); Eco-SSL – USEPA Ecological Soil Screening Levels (2005-2008); R5 ESL-S – USEPA Region 5 Ecological Screening Level, Soil (August, 2003).  Refer to 
Appendix E for further explanation and justification of PSLs. 
 
2   The low level PAHs will be analyzed by SW-846 Method 8270C Full Scan to obtain lower detection limits.   
 
Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
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Matrix: Soil 
Analytical Group: Pesticides 
 

Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

alpha-BHC  319-84-6 0.0012 0.0994 RBSSL R5 ESL-S 4.0E-04 0.0007 0.00035 0.00017 

beta-BHC  319-85-7 0.044 0.00398 RBSSL R5 ESL-S 0.0013 0.0007 0.00035 0.00017 

delta-BHC  319-86-8 0.0012 9.94 RBSSL R5 ESL-S 4.0E-04 0.0007 0.00035 0.00017 

gamma-BHC (Lindane)  58-89-9 0.072 0.005 RBSSL R5 ESL-S 0.0017 0.0007 0.00035 0.00017 

Heptachlor  76-44-8 0.024 0.00598 RBSSL R5 ESL-S 0.0020 0.0007 0.00035 0.00017 

Aldrin  309-00-2 0.013 0.00332 RBSSL R5 ESL-S 0.0011 0.0007 0.00035 0.00017 

Heptachlor epoxide  1024-57-3 0.003 0.152 RBSSL R5 ESL-S 0.0010 0.0007 0.00035 0.00017 

Endosulfan I  959-98-8 37 0.119 R-RSL R5 ESL-S 0.040 0.0007 0.00035 0.00017 

Dieldrin  60-57-1 0.0034 0.0049 RBSSL Eco-SSL 0.0011 0.0007 0.00035 0.00017 

4,4'-DDE  72-55-9 0.94 0.021 RBSSL Eco-SSL 0.0070 0.0007 0.00035 0.00017 

Endrin  72-20-8 8.8 0.0101 RBSSL R5 ESL-S 0.0034 0.0007 0.00035 0.00017 

Endosulfan II  33213-65-9 37 0.119 R-RSL R5 ESL-S 0.040 0.0007 0.00035 0.00017 

4,4'-DDD  72-54-8 1.3 0.021 RBSSL Eco-SSL 0.0070 0.0007 0.00035 0.00017 

Endosulfan sulfate  1031-07-8 37 0.0358 R-RSL R5 ESL-S 0.012 0.0007 0.00035 0.00017 

4,4'-DDT  50-29-3 1.3 0.021 RBSSL Eco-SSL 0.0070 0.0007 0.00035 0.00017 

Methoxychlor  72-43-5 198 0.0199 RBSSL R5 ESL-S 0.0066 0.0007 0.00035 0.00017 

Endrin ketone  53494-70-5 1.8 0.0105 R-RSL R5 ESL-S 0.0035 0.0007 0.00035 0.00017 

Endrin aldehyde  7421-93-4 1.8 0.0105 R-RSL R5 ESL-S 0.0035 0.0007 0.00035 0.00017 

alpha-Chlordane  5103-71-9 0.26 0.224 RBSSL R5 ESL-S 0.075 0.0007 0.00035 0.00017 

gamma-Chlordane  5103-74-2 0.26 0.224 RBSSL R5 ESL-S 0.075 0.0007 0.00035 0.00017 

Toxaphene  8001-35-2 0.19 0.119 RBSSL R5 ESL-S 0.040 0.033 0.022 0.011 
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Notes:  
 
1   The PSL references for surface and subsurface soil are:  RBSSL - USEPA Regions 3, 6, and 9 Risk-Based Soil Screening Level, Migration to Groundwater, DAF = 20 (November, 2010); R-
RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens (November, 2010); R-DCL – IDEM Residential 
Default Closure Level (May, 2009); Eco-SSL – USEPA Ecological Soil Screening Levels (2005-2008); R5 ESL-S – USEPA Region 5 Ecological Screening Level, Soil (August, 2003).  Refer to 
Appendix E for further explanation and justification of PSLs. 
 
Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
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Matrix: Soil 
Analytical Group: PCBs 
 

Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

Aroclor-1016 12674-11-2 0.39 0.000332 R-RSL R5 ESL-S 1.1E-04 0.017 0.008 0.004 

Aroclor-1221 11104-28-2 0.0024 0.000332 RBSSL R5 ESL-S 1.1E-04 0.017 0.008 0.004 

Aroclor-1232 11141-16-5 0.0024 0.000332 RBSSL R5 ESL-S 1.1E-04 0.017 0.008 0.004 

Aroclor-1242 53469-21-9 0.11 0.000332 RBSSL R5 ESL-S 1.1E-04 0.017 0.008 0.004 

Aroclor-1248 12672-29-6 0.10 0.000332 RBSSL R5 ESL-S 1.1E-04 0.017 0.008 0.004 

Aroclor-1254 11097-69-1 0.11 0.000332 R-RSL R5 ESL-S 1.1E-04 0.017 0.008 0.004 

Aroclor-1260 11096-82-5 0.22 0.000332 R-RSL R5 ESL-S 1.1E-04 0.017 0.008 0.004 

Total PCBs 1336-36-3 1.8 NC R-DCL None 0.60 - - - 

 
Notes: 
 
1   The PSL references for surface and subsurface soil are:  RBSSL - USEPA Regions 3, 6, and 9 Risk-Based Soil Screening Level, Migration to Groundwater, DAF = 20 (November, 2010); R-
RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens (November, 2010); R-DCL – IDEM Residential 
Default Closure Level (May, 2009); Eco-SSL – USEPA Ecological Soil Screening Levels (2005-2008); R5 ESL-S – USEPA Region 5 Ecological Screening Level, Soil (August, 2003).  Refer to 
Appendix E for further explanation and justification of PSLs. 
 
Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
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Matrix: Soil 
Analytical Group: Metals and Cyanide 
 

Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

Aluminum 7429-90-5 7,700 NC R-RSL None 2,600 10 5.0 2.5 

Antimony 7440-36-0 3.1 0.27 R-RSL Eco-SSL 0.090 0.75 0.40 0.25 

Arsenic 7440-38-2 0.026 18 RBSSL Eco-SSL 0.0087 0.30 0.30 0.15 

Barium 7440-39-3 1,500 330 R-RSL Eco-SSL 110 2.0 0.50 0.25 

Beryllium 7440-41-7 16 21 R-RSL Eco-SSL 5.3 0.25 0.10 0.05 

Cadmium 7440-43-9 7.0 0.36 R-RSL Eco-SSL 0.12 0.25 0.10 0.05 

Calcium 7440-70-2 NC NC None None NC 250 100 50 

Chromium 7440-47-3 0.017 26 RBSSL Eco-SSL 0.0057 0.25 0.20 0.10 

Cobalt 7440-48-4 2.3 13 R-RSL Eco-SSL 0.77 0.63 0.50 0.25 

Copper 7440-50-8 310 28 R-RSL Eco-SSL 9.3 0.5 0.4 0.25 

Iron 7439-89-6 5,500 NC R-RSL None 1800 5.0 3.0 1.5 

Lead 7439-92-1 81 11 R-DCL Eco-SSL 3.7 0.15 0.15 0.075 

Magnesium 7439-95-4 NC NC None None NC 250 150 50 

Manganese 7439-96-5 180 220 R-RSL Eco-SSL 60 0.75 0.30 0.15 

Mercury 7439-97-6 2.3 0.10 R-RSL R5 ESL-S 0.033 0.03 0.026 0.013 

Nickel 7440-02-0 150 38 R-RSL Eco-SSL 13 0.5 0.3 0.25 

Potassium 7440-09-7 NC NC None None NC 250 150 50 

Selenium 7782-49-2 5.2 0.52 R-DCL Eco-SSL 0.17 0.30 0.25 0.15 

Silver 7440-22-4 31 4.2 R-DCL Eco-SSL 1.4 0.25 0.10 0.05 

Sodium 7440-23-5 NC NC None None NC 250 150 50 

Thallium 7440-28-0 2.8 0.0569 R-DCL R5 ESL-S 0.019 0.40 0.20 0.15 
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Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

Vanadium 7440-62-2 39 7.8 R-RSL Eco-SSL 2.6 0.63 0.50 0.25 

Zinc 7440-66-6 2,300 46 R-RSL Eco-SSL 15 1.0 0.5 0.25 

Cyanide 57-12-5 0.94 1.3 R-DCL R5 ESL-S 0.31 0.5 0.25 0.125 

 
Notes:  
 
1   The PSL references for surface and subsurface soil are:  RBSSL - USEPA Regions 3, 6, and 9 Risk-Based Soil Screening Level, Migration to Groundwater, DAF = 20 (November, 2010); R-
RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens (November, 2010); R-DCL – IDEM Residential 
Default Closure Level (May, 2009); Eco-SSL – USEPA Ecological Soil Screening Levels (2005-2008); R5 ESL-S – USEPA Region 5 Ecological Screening Level, Soil (August, 2003).  Refer to 
Appendix E for further explanation and justification of PSLs. 
 
Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
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Matrix: Soil 
Analytical Group: Dioxins/Furans 
 

Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

CFA 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

1,2,3,4,6,7,8,9-OCDD 3268-87-9 1.5E-02 1.99E-07 R-RSL R5 ESL-S 6.6E-08 1.0E-05 6.67E-06 2.86E-07 

1,2,3,4,6,7,8,9-OCDF 39001-02-0 1.5E-02 3.86E-05 R-RSL R5 ESL-S 1.3E-05 1.0E-05 6.67E-06 3.14E-07 

1,2,3,4,6,7,8-HpCDD 35822-46-9 4.5E-04 1.99E-07 R-RSL R5 ESL-S 6.6E-08 5.0E-06 3.33E-06 1.18E-07 

1,2,3,4,6,7,8-HpCDF 67562-39-4 4.5E-04 3.86E-05 R-RSL R5 ESL-S 1.3E-05 5.0E-06 3.33E-06 1.45E-07 

1,2,3,4,7,8,9-HpCDF 55673-89-7 4.5E-04 3.86E-05 R-RSL R5 ESL-S 1.3E-05 5.0E-06 3.33E-06 2.05E-07 

1,2,3,4,7,8-HxCDD 39227-28-6 4.5E-05 1.99E-07 R-RSL R5 ESL-S 6.6E-08 5.0E-06 3.33E-06 1.93E-07 

1,2,3,4,7,8-HxCDF 70648-26-9 4.5E-05 3.86E-05 R-RSL R5 ESL-S 1.3E-05 5.0E-06 3.33E-06 2.02E-07 

1,2,3,6,7,8-HxCDD 57653-85-7 4.5E-05 1.99E-07 R-RSL R5 ESL-S 6.6E-08 5.0E-06 3.33E-06 1.75E-07 

1,2,3,6,7,8-HxCDF 57117-44-9 4.5E-05 3.86E-05 R-RSL R5 ESL-S 1.3E-05 5.0E-06 3.33E-06 2.02E-07 

1,2,3,7,8,9-HxCDD 19408-74-3 4.5E-05 1.99E-07 R-RSL R5 ESL-S 6.6E-08 5.0E-06 3.33E-06 1.41E-07 

1,2,3,7,8,9-HxCDF 72918-21-9 4.5E-05 3.86E-05 R-RSL R5 ESL-S 1.3E-05 5.0E-06 3.33E-06 1.10E-07 

1,2,3,7,8-PeCDD 40321-76-4 4.5E-06 1.99E-07 R-RSL R5 ESL-S 6.6E-08 5.0E-06 3.33E-06 1.03E-07 

1,2,3,7,8-PeCDF 57117-41-6 1.5E-04 3.86E-05 R-RSL R5 ESL-S 1.3E-05 5.0E-06 3.33E-06 2.00E-07 

2,3,4,6,7,8-HxCDF 60851-34-5 4.5E-05 3.86E-05 R-RSL R5 ESL-S 1.3E-05 5.0E-06 3.33E-06 1.23E-07 

2,3,4,7,8-PeCDF 57117-31-4 1.5E-05 3.86E-05 R-RSL R5 ESL-S 5.0E-06 5.0E-06 3.33E-06 2.61E-07 

2,3,7,8-TCDD 1746-01-6 4.5E-06 1.99E-07 R-RSL R5 ESL-S 6.6E-08 1.0E-06 6.67E-07 5.2E-08 

2,3,7,8-TCDF 51207-31-9 4.5E-05 3.86E-05 R-RSL R5 ESL-S 1.3E-05 1.0E-06 6.67E-07 1.04E-07 

Total HpCDD 37871-00-4 NC NC None None NC NA NA NA 

Total HpCDF 38998-75-3 NC NC None None NC NA NA NA 

Total HxCDD 34465-46-8 NC NC None None NC NA NA NA 

Total HxCDF 55684-94-1 NC NC None None NC NA NA NA 
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Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

CFA 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

Total PeCDD 36088-22-9 NC NC None None NC NA NA NA 

Total PeCDF 30402-15-4 NC NC None None NC NA NA NA 

Total TCDD 41903-57-5 NC NC None None NC NA NA NA 

Total TCDF 55722-27-5 NC NC None None NC NA NA NA 

 
Notes: 
 
1   The PSL references for surface and subsurface soil are:  RBSSL - USEPA Regions 3, 6, and 9 Risk-Based Soil Screening Level, Migration to Groundwater, DAF = 20 (November, 2010); R-
RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens and derived by multiplying criteria for 2,3,7,8-
TCDD by World Health Organization Toxicity Equivalent Factor (May, 2010); R-DCL – IDEM Residential Default Closure Level (May, 2009); Eco-SSL – USEPA Ecological Soil Screening Levels 
(2005-2008); R5 ESL-S – USEPA Region 5 Ecological Screening Level, Soil (August, 2003).  Refer to Appendix E for further explanation and justification of PSLs. 
 
Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
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Matrix: Sediment 
Analytical Group: SVOCs (including Low Level PAHs) 
 

Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

1,1'-Biphenyl 92-52-4 390 NC R-RSL None 130 0.333 0.167 0.083 

1,2,4,5-Tetrachlorobenzene 95-94-3 1.8 1.252 R-RSL R5 SED 0.42 0.333 0.167 0.083 

1,4-Dioxane 123-91-1 4.9 2.05 R-RSL R5 ESL-S 0.68 0.333 0.167 0.083 

2,2'-Oxybis(1-chloropropane) 108-60-1 0.027 19.9 R-DCL R5 ESL-S 0.0090 0.333 0.167 0.083 

2,3,4,6-Tetrachlorophenol 58-90-2 180 0.129 R-RSL R5 SED 0.043 0.333 0.167 0.083 

2,4,5-Trichlorophenol 95-95-4 250 14.1 R-DCL R5 ESL-S 4.7 0.333 0.167 0.083 

2,4,6-Trichlorophenol 88-06-2 0.07 0.208 R-DCL R5 SED 0.023 0.333 0.167 0.083 

2,4-Dichlorophenol 120-83-2 1.1 0.0817 R-DCL R5 SED 0.027 0.333 0.167 0.083 

2,4-Dimethylphenol 105-67-9 9.0 0.304 R-DCL R5 SED 0.10 1.33 0.667 0.333 

2,4-Dinitrophenol 51-28-5 0.29 0.00621 R-DCL R5 SED 0.0021 0.333 0.167 0.083 

2,4-Dinitrotoluene 121-14-2 1.6 0.0144 R-RSL R5 SED 0.0048 0.333 0.167 0.083 

2,6-Dinitrotoluene 606-20-2 6.1 0.0398 R-RSL R5 SED 0.013 0.333 0.167 0.083 

2-Chloronaphthalene 91-58-7 42 0.417 R-DCL R5 SED 0.14 0.333 0.167 0.083 

2-Chlorophenol 95-57-8 0.75 0.0319 R-DCL R5 SED 0.011 0.333 0.167 0.083 

2-Methylphenol (o-Cresol) 95-48-7 14 0.0554 R-DCL R5 SED 0.018 0.333 0.167 0.083 

2-Nitroaniline 88-74-4 0.67 74.1 R-DCL R5 ESL 0.22 1.33 0.667 0.333 

2-Nitrophenol 88-75-5 12 1.6 R-RSL R5 ESL 0.53 1.33 0.667 0.333 

3,3'-Dichlorobenzidine 91-94-1 0.062 0.127 R-DCL R5 SED 0.021 0.333 0.167 0.083 

3-Methylphenol (m-Cresol) 108-39-4 9.8 0.0524 R-DCL R5 SED 0.017 0.333 0.167 0.083 

3-Nitroaniline 99-09-2 NC 3.16 None R5 ESL-S 1.0 1.33 0.667 0.333 

4,6-Dinitro-2-methylphenol 534-52-1 0.49 0.104 R-RSL R5 SED 0.035 3.3 1.67 0.83 
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Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

4-Bromophenyl phenyl ether 101-55-3 NC 1.55 None R5 SED 0.52 0.333 0.167 0.083 

4-Chloro-3-methyl phenol 59-50-7 610 0.388 R-RSL R5 SED 0.13 0.333 0.167 0.083 

4-Chloroanaline 106-47-8 0.97 0.146 R-DCL R5 SED 0.049 0.333 0.167 0.083 

4-Chlorophenyl phenyl ether 7005-72-3 NC NC None None NC 0.333 0.167 0.083 

4-Methylphenol (p-Cresol) 106-44-5 1.1 0.0202 R-DCL R5 SED 0.0067 0.333 0.167 0.083 

4-Nitroaniline 100-01-6 24 21.9 R-RSL R5 ESL-S 7.3 1.33 0.667 0.333 

4-Nitrophenol 100-02-7 NC 0.0133 None R5 SED 0.0044 1.33 0.667 0.333 

Acetophenone 98-86-2 780 300 R-RSL R5 ESL-S 100 0.333 0.167 0.083 

Atrazine 1912-24-9 0.048 NC R-DCL None 0.016 0.333 0.167 0.083 

Benzaldehyde 100-52-7 780 NC R-RSL None 260 0.333 0.167 0.083 

Bis(2-chloroethoxy)methane 111-91-1 18 0.302 R-RSL R5 ESL-S 0.10 0.333 0.167 0.083 

Bis(2-chloroethyl)ether 111-44-4 0.0007 3.52 R-DCL R5 SED 2.3E-04 0.333 0.167 0.083 

Bis(2-ethylhexyl)phthalate 117-81-7 35 0.182 R-RSL R5 SED 0.061 0.333 0.167 0.083 

Butyl benzyl phthalate 85-68-7 260 1.97 R-RSL R5 SED 0.66 0.333 0.167 0.083 

Caprolactam 105-60-2 3,100 NC R-RSL None 1000 0.333 0.167 0.083 

Carbazole 86-74-8 5.9 NC R-DCL None 2.0 0.333 0.167 0.083 

Dibenzofuran 132-64-9 4.9 0.449 R-DCL R5 SED 0.15 0.333 0.167 0.083 

Diethyl phthalate 84-66-2 450 0.295 R-DCL R5 SED 0.098 0.333 0.167 0.083 

Dimethyl phthalate 131-11-3 1,100 734 R-DCL R5 ESL-S 240 0.333 0.167 0.083 

Di-n-butyl phthalate 84-74-2 610 1.114 R-RSL R5 SED 0.37 0.333 0.167 0.083 

Di-n-octyl phthalate 117-84-0 2,000 40.6 R-DCL R5 SED 14 0.333 0.167 0.083 

Hexachlorobenzene 118-74-1 0.30 0.02 R-RSL R5 SED 0.0067 0.333 0.167 0.083 

Hexachlorobutadiene 87-68-3 6.1 0.0265 R-RSL R5 SED 0.0088 0.333 0.167 0.083 
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Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

Hexachlorocyclopentadiene 77-47-4 37 0.901 R-RSL R5 SED 0.30 0.333 0.167 0.083 

Hexachloroethane 67-72-1 2.8 0.584 R-DCL R5 SED 0.19 0.333 0.167 0.083 

Isophorone 78-59-1 5.3 0.432 RBSSL R5 SED 0.14 0.333 0.167 0.083 

Nitrobenzene 98-95-3 0.028 0.145 R-DCL R5 SED 0.0093 0.333 0.167 0.083 

N-Nitrosodi-n-propylamine 621-64-7 0.0006 0.544 R-DCL R5 ESL-S 2.0E-04 0.333 0.167 0.083 

N-Nitrosodiphenylamine 86-30-6 9.7 0.545 R-DCL R5 ESL-S 0.18 0.333 0.167 0.083 

Pentachlorophenol 87-86-5 0.028 23 R-DCL R5 SED 0.0093 1.33 0.667 0.333 

Phenol 108-95-2 56 120 R-DCL R5 ESL-S 19 0.333 0.167 0.083 

PAHs2 

2-Methylnaphthalene 91-57-6 3.1 0.0202 R-DCL R5 SED 0.0067 0.010 0.005 0.0025 

Acenaphthene 83-32-9 130 0.00671 R-DCL R5 SED 0.0022 0.010 0.005 0.0025 

Acenaphthylene 208-96-8 18 0.00587 R-DCL R5 SED 0.0020 0.010 0.005 0.0025 

Anthracene 120-12-7 1,700 0.0572 R-RSL R5 SED 0.019 0.010 0.005 0.0025 

Benzo(a)anthracene 56-55-3 0.15 0.108 R-RSL R5 SED 0.036 0.010 0.005 0.0025 

Benzo(a)pyrene 50-32-8 0.015 0.15 R-RSL R5 SED 0.0050 0.010 0.005 0.0025 

Benzo(b)fluoranthene 205-99-2 0.15 10.4 R-RSL R5 SED 0.050 0.010 0.005 0.0025 

Benzo(g,h,i)perylene 191-24-2 170 0.17 R-RSL R5 SED 0.057 0.010 0.005 0.0025 

Benzo(k)fluoranthene 207-08-9 1.5 0.24 R-RSL R5 SED 0.080 0.010 0.005 0.0025 

Chrysene 218-01-9 15 0.166 R-RSL R5 SED 0.055 0.010 0.005 0.0025 

Dibenzo(a,h)anthracene 53-70-3 0.015 0.033 R-RSL R5 SED 0.0050 0.010 0.005 0.0025 

Fluoranthene 206-44-0 230 0.423 R-RSL R5 SED 0.14 0.010 0.005 0.0025 

Fluorene 86-73-7 170 0.0774 R-DCL R5 SED 0.026 0.010 0.005 0.0025 

Indeno(1,2,3-c,d)pyrene 193-39-5 0.15 0.2 R-RSL R5 SED 0.050 0.010 0.005 0.0025 
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Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

Naphthalene 91-20-3 0.7 0.176 R-RSL R5 SED 0.059 0.010 0.005 0.0025 

Phenanthrene 85-01-8 13 0.204 R-DCL R5 SED 0.068 0.010 0.005 0.0025 

Pyrene 129-00-0 170 0.195 R-RSL R5 SED 0.065 0.010 0.005 0.0025 

 
 
Notes: 
 
1   The PSL references for sediment are:  R-RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens 
(November, 2010); R-DCL – IDEM Residential Default Closure Level (May, 2009); R5 SED – USEPA Region 5 Ecological Screening Level, Sediment (August, 2003); Eco-SSL – USEPA 
Ecological Soil Screening Levels (2005-2008); R5 SED – USEPA Region 5 Ecological Screening Level, Sediment (August, 2003); R5 ESL-S – USEPA Region 5 Ecological Screening Level, Soil 
(August, 2003).  Refer to Appendix E for further explanation and justification of PSLs. 
 

2   The low level PAHs will be analyzed by SW-846 Method 8270C Full Scan to obtain lower detection limits. 
 
Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
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Matrix: Sediment 
Analytical Group: Pesticides 
 

Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

alpha-BHC  319-84-6 0.0072 0.006 R-DCL R5 SED 0.0020 0.0007 0.00035 0.00017 

beta-BHC  319-85-7 0.026 0.005 R-DCL R5 SED 0.0017 0.0007 0.00035 0.00017 

delta-BHC  319-86-8 0.0072 71.5 R-DCL R5 SED 0.0024 0.0007 0.00035 0.00017 

gamma-BHC (Lindane)  58-89-9 0.0094 0.00237 R-DCL R5 SED 7.9E-04 0.0007 0.00035 0.00017 

Heptachlor  76-44-8 0.11 0.0006 R-RSL R5 SED 2.0E-04 0.0007 0.00035 0.00017 

Aldrin  309-00-2 0.029 0.002 R-RSL R5 SED 6.7E-04 0.0007 0.00035 0.00017 

Heptachlor epoxide  1024-57-3 0.053 0.00247 R-RSL R5 SED 8.2E-04 0.0007 0.00035 0.00017 

Endosulfan I  959-98-8 20 0.00326 R-DCL R5 SED 0.0011 0.0007 0.00035 0.00017 

Dieldrin  60-57-1 0.0072 0.0019 R-DCL R5 SED 6.3E-04 0.0007 0.00035 0.00017 

4,4'-DDE  72-55-9 1.4 0.00316 R-RSL R5 SED 0.0010 0.0007 0.00035 0.00017 

Endrin  72-20-8 0.99 0.00222 R-DCL R5 SED 7.4E-04 0.0007 0.00035 0.00017 

Endosulfan II  33213-65-9 20 0.00194 R-DCL R5 SED 6.5E-04 0.0007 0.00035 0.00017 

4,4'-DDD  72-54-8 2.0 0.00488 R-RSL R5 SED 0.0016 0.0007 0.00035 0.00017 

Endosulfan sulfate  1031-07-8 20 0.0346 R-DCL R5 SED 0.012 0.0007 0.00035 0.00017 

4,4'-DDT  50-29-3 1.7 0.00416 R-RSL R5 SED 0.0014 0.0007 0.00035 0.00017 

Methoxychlor  72-43-5 31 0.0136 R-RSL R5 SED 0.0045 0.0007 0.00035 0.00017 

Endrin ketone  53494-70-5 0.99 0.48 R-DCL R5 SED 0.16 0.0007 0.00035 0.00017 

Endrin aldehyde  7421-93-4 0.99 0.48 R-DCL R5 SED 0.16 0.0007 0.00035 0.00017 

alpha-Chlordane  5103-71-9 1.6 0.0045 R-RSL R5 SED 0.0015 0.0007 0.00035 0.00017 

gamma-Chlordane  5103-74-2 1.6 0.0045 R-RSL R5 SED 0.0015 0.0007 0.00035 0.00017 

Toxaphene  8001-35-2 0.44 7.70E-06 R-RSL R5 SED 2.6E-06 0.033 0.022 0.011 
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Notes: 
 
1   The PSL references for sediment are:  R-RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens 
(November, 2010); R-DCL – IDEM Residential Default Closure Level (May, 2009); R5 SED – USEPA Region 5 Ecological Screening Level, Sediment (August, 2003); Eco-SSL – USEPA 
Ecological Soil Screening Levels (2005-2008); R5 SED – USEPA Region 5 Ecological Screening Level, Sediment (August, 2003); R5 ESL-S – USEPA Region 5 Ecological Screening Level, Soil 
(August, 2003).  Refer to Appendix E for further explanation and justification of PSLs. 
 

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicated the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
 
 
 
 



Project-Specific SAP Title: SAP for SWMU 11 RFI 
Site Name/Project Name: NSA Crane Date: March 2011  
Site Location: Crane, Indiana  

 

121001 (Worksheet No. 15) Page 68 of 147 CTO F27E 

 
Matrix: Sediment 
Analytical Group: PCBs 
 

Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

Aroclor-1016 12674-11-2 0.39 0.0598 R-RSL R5 SED 0.020 0.017 0.008 0.004 

Aroclor-1221 11104-28-2 0.14 0.0598 R-RSL R5 SED 0.020 0.017 0.008 0.004 

Aroclor-1232 11141-16-5 0.14 0.0598 R-RSL R5 SED 0.020 0.017 0.008 0.004 

Aroclor-1242 53469-21-9 0.22 0.0598 R-RSL R5 SED 0.020 0.017 0.008 0.004 

Aroclor-1248 12672-29-6 0.22 0.0598 R-RSL R5 SED 0.020 0.017 0.008 0.004 

Aroclor-1254 11097-69-1 0.11 0.0598 R-RSL R5 SED 0.020 0.017 0.008 0.004 

Aroclor-1260 11096-82-5 0.22 0.0598 R-RSL R5 SED 0.020 0.017 0.008 0.004 

Total PCBs 1336-36-3 NC NC None None NC - - - 

 
Notes:  
 
1   The PSL references for sediment are:  R-RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens 
(November, 2010); R-DCL – IDEM Residential Default Closure Level (May, 2009); R5 SED – USEPA Region 5 Ecological Screening Level, Sediment (August, 2003); Eco-SSL – USEPA 
Ecological Soil Screening Levels (2005-2008); R5 SED – USEPA Region 5 Ecological Screening Level, Sediment (August, 2003); R5 ESL-S – USEPA Region 5 Ecological Screening Level, Soil 
(August, 2003).  Refer to Appendix E for further explanation and justification of PSLs. 
 

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
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Matrix: Sediment 
Analytical Group: Metals and Cyanide 
 

Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

Aluminum 7429-90-5 7,700 NC R-RSL None 2,600 10 5.0 2.5 

Antimony 7440-36-0 3.1 0.27 R-RSL Eco-SSL 0.090 0.75 0.40 0.25 

Arsenic 7440-38-2 0.39 9.79 R-RSL R5 SED 0.13 0.30 0.30 0.15 

Barium 7440-39-3 1,500 330 R-RSL Eco-SSL 110 2.0 0.50 0.25 

Beryllium 7440-41-7 16 21 R-RSL Eco-SSL 5.3 0.25 0.10 0.05 

Cadmium 7440-43-9 7.0 0.99 R-RSL R5 SED 0.33 0.25 0.10 0.05 

Calcium 7440-70-2 NC NC None None NC 250 100 50 

Chromium 7440-47-3 0.29 43.4 R-RSL R5 SED 0.097 0.25 0.20 0.10 

Cobalt 7440-48-4 2.3 50 R-RSL R5 SED 0.77 0.63 0.50 0.25 

Copper 7440-50-8 310 31.6 R-RSL R5 SED 10 0.5 0.4 0.25 

Iron 7439-89-6 5,500 35.8 R-RSL R5 SED 12 5.0 3.0 1.5 

Lead 7439-92-1 81 11 R-DCL Eco-SSL 3.7 0.15 0.15 0.075 

Magnesium 7439-95-4 NC NC None None NC 250 150 50 

Manganese 7439-96-5 180 220 R-RSL Eco-SSL 60 0.75 0.30 0.15 

Mercury 7439-97-6 2.3 0.10 R-RSL R5 ESL-S 0.033 0.03 0.026 0.013 

Nickel 7440-02-0 150 22.7 R-RSL R5 SED 7.6 0.5 0.3 0.25 

Potassium 7440-09-7 NC NC None None NC 250 150 50 

Selenium 7782-49-2 5.2 0.52 R-DCL Eco-SSL 0.17 0.30 0.25 0.15 

Silver 7440-22-4 31 0.5 R-DCL R5 SED 0.17 0.25 0.10 0.05 

Sodium 7440-23-5 NC NC None None NC 250 150 50 

Thallium 7440-28-0 2.8 0.0569 R-DCL R5 ESL-S 0.019 0.40 0.20 0.15 
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Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

Empirical 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

Vanadium 7440-62-2 39 7.8 R-RSL Eco-SSL 2.6 0.63 0.50 0.25 

Zinc 7440-66-6 2,300 121 R-RSL R5 SED 40 1.0 0.5 0.25 

Cyanide 57-12-5 0.94 0.0001 R-DCL R5 SED 3.3E-05 0.5 0.25 0.125 
 
 

Notes: 
 
1   The PSL references for sediment are:  R-RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens 
(November, 2010); R-DCL – IDEM Residential Default Closure Level (May, 2009); R5 SED – USEPA Region 5 Ecological Screening Level, Sediment (August, 2003); Eco-SSL – USEPA 
Ecological Soil Screening Levels (2005-2008); R5 SED – USEPA Region 5 Ecological Screening Level, Sediment (August, 2003); R5 ESL-S – USEPA Region 5 Ecological Screening Level, Soil 
(August, 2003).  Refer to Appendix E for further explanation and justification of PSLs. 
 

Bolded rows indicated that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicated the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report.   
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Matrix: Sediment 
Analytical Group: Dioxins/Furans 
 

Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

CFA 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

1,2,3,4,6,7,8,9-OCDD 3268-87-9 1.5E-02 3.3E-06 R-RSL R5 SED 1.1E-06 1.0E-05 6.67E-06 2.86E-07 

1,2,3,4,6,7,8,9-OCDF 39001-02-0 1.5E-02 1.3E-08 R-RSL R5 SED 4.3E-09 1.0E-05 6.67E-06 3.14E-07 

1,2,3,4,6,7,8-HpCDD 35822-46-9 4.5E-04 3.3E-06 R-RSL R5 SED 1.1E-06 5.0E-06 3.33E-06 1.18E-07 

1,2,3,4,6,7,8-HpCDF 67562-39-4 4.5E-04 1.3E-08 R-RSL R5 SED 4.3E-09 5.0E-06 3.33E-06 1.45E-07 

1,2,3,4,7,8,9-HpCDF 55673-89-7 4.5E-04 1.3E-08 R-RSL R5 SED 4.3E-09 5.0E-06 3.33E-06 2.05E-07 

1,2,3,4,7,8-HxCDD 39227-28-6 4.5E-05 3.3E-06 R-RSL R5 SED 1.1E-06 5.0E-06 3.33E-06 1.93E-07 

1,2,3,4,7,8-HxCDF 70648-26-9 4.5E-05 1.3E-08 R-RSL R5 SED 4.3E-09 5.0E-06 3.33E-06 2.02E-07 

1,2,3,6,7,8-HxCDD 57653-85-7 4.5E-05 3.3E-06 R-RSL R5 SED 1.1E-06 5.0E-06 3.33E-06 1.75E-07 

1,2,3,6,7,8-HxCDF 57117-44-9 4.5E-05 1.3E-08 R-RSL R5 SED 4.3E-09 5.0E-06 3.33E-06 2.02E-07 

1,2,3,7,8,9-HxCDD 19408-74-3 4.5E-05 3.3E-06 R-RSL R5 SED 1.1E-06 5.0E-06 3.33E-06 1.41E-07 

1,2,3,7,8,9-HxCDF 72918-21-9 4.5E-05 1.3E-08 R-RSL R5 SED 4.3E-09 5.0E-06 3.33E-06 1.10E-07 

1,2,3,7,8-PeCDD 40321-76-4 4.5E-06 3.3E-06 R-RSL R5 SED 1.1E-06 5.0E-06 3.33E-06 1.03E-07 

1,2,3,7,8-PeCDF 57117-41-6 1.5E-04 1.3E-08 R-RSL R5 SED 4.3E-09 5.0E-06 3.33E-06 2.00E-07 

2,3,4,6,7,8-HxCDF 60851-34-5 4.5E-05 1.3E-08 R-RSL R5 SED 4.3E-09 5.0E-06 3.33E-06 1.23E-07 

2,3,4,7,8-PeCDF 57117-31-4 1.5E-05 1.3E-08 R-RSL R5 SED 4.3E-09 5.0E-06 3.33E-06 2.61E-07 

2,3,7,8-TCDD 1746-01-6 4.5E-06 1.2E-07 R-RSL R5 SED 4.0E-08 1.0E-06 6.67E-07 5.2E-08 

2,3,7,8-TCDF 51207-31-9 4.5E-05 3.86E-05 R-RSL R5 ESL-S 1.3E-05 1.0E-06 6.67E-07 1.04E-07 

Total HpCDD 37871-00-4 NC NC None None NC NA NA NA 

Total HpCDF 38998-75-3 NC NC None None NC NA NA NA 

Total HxCDD 34465-46-8 NC NC None None NC NA NA NA 

Total HxCDF 55684-94-1 NC NC None None NC NA NA NA 
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Analyte CAS 
Number 

PSL 
(mg/kg) PSL Reference1 PQLG 

(mg/kg) 

CFA 

LOQ   
(mg/kg) 

LOD   
(mg/kg) 

DL   
(mg/kg) HHRA ERA HHRA ERA 

Total PeCDD 36088-22-9 NC NC None None NC NA NA NA 

Total PeCDF 30402-15-4 NC NC None None NC NA NA NA 

Total TCDD 41903-57-5 NC NC None None NC NA NA NA 

Total TCDF 55722-27-5 NC NC None None NC NA NA NA 

 
Notes:  
 
1   The PSL references for sediment are:  R-RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Residential Direct Contact, adjusted to 1/10 of value for noncarcinogens 
(November, 2010); R-DCL – IDEM Residential Default Closure Level (May, 2009); R5 SED – USEPA Region 5 Ecological Screening Level, Sediment (August, 2003); Eco-SSL – USEPA 
Ecological Soil Screening Levels (2005-2008); R5 SED – USEPA Region 5 Ecological Screening Level, Sediment (August, 2003); R5 ESL-S – USEPA Region 5 Ecological Screening Level, Soil 
(August, 2003).  Refer to Appendix E for further explanation and justification of PSLs. 
 

Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
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Matrix: Groundwater 
Analytical Group: VOCs 
 

Analyte CAS 
Number 

PSL 
(µg/L) 

PSL 
Reference1 PQLG 

(µg/L) 

Empirical 

LOQ   
(µg/L) 

LOD   
(µg/L) 

DL   
(µg/L) HHRA HHRA 

1,1,1-Trichloroethane 71-55-6 200 G-DCL 67 1.0 0.5 0.25 

1,1,2,2-Tetrachloroethane 79-34-5 0.067 T-RSL 0.022 1.0 0.5 0.25 

1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 113) 76-13-1 140 VAPOR 47 1.0 0.5 0.25 

1,1,2-Trichloroethane 79-00-5 0.24 T-RSL 0.080 1.0 0.5 0.25 

1,1-Dichloroethane 75-34-3 2.4 T-RSL 0.80 1.0 0.5 0.25 

1,1-Dichloroethene 75-35-4 7.0 G-DCL 2.3 1.0 0.5 0.25 

1,2,3- Trichlorobenzene 87-61-6 2.9 T-RSL 0.97 1.0 0.5 0.25 

1,2,4-Trichlorobenzene 120-82-1 0.41 T-RSL 0.14 1.0 0.5 0.25 

1,2-Dibromo-3-chloropropane  (DBCP) 96-12-8 0.00032 T-RSL 1.1E-04 2.0 1.0 0.5 

1,2-Dibromoethane  (EDB) 106-93-4 0.0065 T-RSL 0.0022 1.0 0.5 0.25 

1,2-Dichlorobenzene 95-50-1 37 T-RSL 12 1.0 0.5 0.25 

1,2-Dichloroethane 107-06-2 0.15 T-RSL 0.050 1.0 0.5 0.25 

1,2-Dichloropropane 78-87-5 0.39 T-RSL 0.13 1.0 0.5 0.25 

1,3-Dichlorobenzene 541-73-1 80 G-DCL 27 1.0 0.5 0.25 

1,4-Dichlorobenzene 106-46-7 0.43 T-RSL 0.14 1.0 0.5 0.25 

2-Butanone (MEK) 78-93-3 710 T-RSL 240 10 5.0 2.5 

2-Hexanone 591-78-6 4.7 T-RSL 1.6 5.0 2.5 1.5 

4-Methyl-2-pentanone (MIBK) 108-10-1 200 T-RSL 67 10 5.0 2.5 

Acetone 67-64-1 2,200 T-RSL 730 10 5.0 2.5 

Benzene 71-43-2 0.41 T-RSL 0.14 1.0 0.5 0.25 

Bromochloromethane 74-97-5 NC None  NC 1.0 0.5 0.25 
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Analyte CAS 
Number 

PSL 
(µg/L) 

PSL 
Reference1 PQLG 

(µg/L) 

Empirical 

LOQ   
(µg/L) 

LOD   
(µg/L) 

DL   
(µg/L) HHRA HHRA 

Bromodichloromethane 75-27-4 0.12 T-RSL 0.040 1.0 0.5 0.25 

Bromoform 75-25-2 8.5 T-RSL 2.8 2.0 1.0 0.5 

Bromomethane 74-83-9 0.87 T-RSL 0.29 1.0 0.5 0.25 

Carbon disulfide 75-15-0 100 T-RSL 33 1.0 0.5 0.25 

Carbon tetrachloride 56-23-5 0.37 VAPOR 0.12 1.0 0.5 0.25 

Chlorobenzene 108-90-7 9.1 T-RSL 3.0 1.0 0.5 0.25 

Chloroethane 75-00-3 62 G-DCL 21 1.0 0.5 0.25 

Chloroform 67-66-3 0.19 T-RSL 0.063 1.0 0.5 0.25 

Chloromethane 74-87-3 19 T-RSL 6.3 1.0 0.5 0.25 

cis-1,2-Dichloroethene 156-59-2 7.3 T-RSL 2.4 1.0 0.5 0.25 

cis-1,3-Dichloropropene 10061-01-5 4.0 T-RSL 1.3 1.0 0.5 0.25 

Cyclohexane 110-82-7 100 VAPOR 33 1.0 0.5 0.25 

Dibromochloromethane 124-48-1 0.15 T-RSL 0.050 1.0 0.5 0.25 

Dichlorodifluoromethane 75-71-8 1.5 VAPOR 0.50 1.0 0.5 0.25 

Ethylbenzene 100-41-4 1.5 T-RSL 0.50 1.0 0.5 0.25 

Isopropylbenzene 98-82-8 68 T-RSL 23 1.0 0.5 0.25 

Methyl acetate 79-20-9 3,700 T-RSL 1,200 2.0 1.0 0.5 

Methylcyclohexane 108-87-2 NC None  NC 1.0 0.5 0.25 

Methylene chloride 75-09-2 4.8 T-RSL 1.6 4.0 2.0 1.0 

Methyl-tert-butyl ether 1634-04-4 12 T-RSL 4.0 1.0 0.5 0.25 

Styrene 100-42-5 100 G-DCL 33 1.0 0.5 0.25 

Tetrachloroethene 127-18-4 0.11 T-RSL 0.037 1.0 0.5 0.25 

Toluene 108-88-3 230 T-RSL 77 1.0 0.5 0.25 
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Analyte CAS 
Number 

PSL 
(µg/L) 

PSL 
Reference1 PQLG 

(µg/L) 

Empirical 

LOQ   
(µg/L) 

LOD   
(µg/L) 

DL   
(µg/L) HHRA HHRA 

trans-1,2-Dichloroethene 156-60-5 11 T-RSL 3.7 1.0 0.5 0.25 

trans-1,3-Dichloropropene 10061-02-6 4.0 T-RSL 1.3 1.0 0.5 0.25 

Trichloroethene 79-01-6 2.0 T-RSL 0.67 1.0 0.5 0.25 

Trichlorofluoromethane 75-69-4 18 VAPOR 6.0 1.0 0.5 0.25 

Vinyl chloride 75-01-4 0.016 T-RSL 0.0053 1.0 0.5 0.25 

Xylenes (total) 1330-20-7 20 T-RSL 6.7 4.0 2.0 1.0 

 
μg/L – micrograms per liter 
 
Notes: 
 
1   The PSL references for groundwater are:  T-RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Tapwater, adjusted to 1/10 of value for noncarcinogens (November, 2010); 
MCL – USEPA Maximum Contaminant Level (December, 2009); VAPOR – USEPA vapor screening values calculated from 2002 Vapor guidance and 2010 toxicity factors (November, 2002; 
May, 2010); G-DCL – IDEM Groundwater Default Closure Level (May, 2009).  Refer to Appendix E for further explanation and justification of PSLs. 
 
Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
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Matrix: Groundwater 
Analytical Group: SVOCs (including Low Level PAHs) 
 

Analyte CAS Number 
PSL 

(µg/L) 
PSL 

Reference1 PQLG 
(µg/L) 

Empirical 

LOQ   
(µg/L) 

LOD   
(µg/L) 

DL   
(µg/L) HHRA HHRA 

1,1'-Biphenyl 92-52-4 180 T-RSL 60 5.0 2.5 1.25 

1,2,4,5-Tetrachlorobenzene 95-94-3 1.1 T-RSL 0.37 5.0 2.5 1.25 

1,4-Dioxane 123-91-1 0.67 T-RSL 0.22 5.0 2.5 1.25 

2,2'-Oxybis(1-chloropropane) 108-60-1 0.32 T-RSL 0.11 5.0 2.5 1.25 

2,3,4,6-Tetrachlorophenol 58-90-2 110 T-RSL 37 5.0 2.5 1.25 

2,4,5-Trichlorophenol 95-95-4 370 T-RSL 120 5.0 2.5 1.25 

2,4,6-Trichlorophenol 88-06-2 3.6 G-DCL 1.2 5.0 2.5 1.25 

2,4-Dichlorophenol 120-83-2 11 T-RSL 3.7 5.0 2.5 1.25 

2,4-Dimethylphenol 105-67-9 73 T-RSL 24 20 10 5.0 

2,4-Dinitrophenol 51-28-5 7.3 T-RSL 2.4 50 25 10 

2,4-Dinitrotoluene 121-14-2 0.22 T-RSL 0.073 5.0 2.5 1.25 

2,6-Dinitrotoluene 606-20-2 3.7 T-RSL 1.2 5.0 2.5 1.25 

2-Chloronaphthalene 91-58-7 290 T-RSL 97 5.0 2.5 1.25 

2-Chlorophenol 95-57-8 18 T-RSL 6.0 5.0 2.5 1.25 

2-Methylphenol (o-Cresol) 95-48-7 180 T-RSL 60 5.0 2.5 1.25 

2-Nitroaniline 88-74-4 37 T-RSL 12 20 10 5.0 

2-Nitrophenol 88-75-5 7.3 T-RSL 2.4 5.0 2.5 1.25 

3,3'-Dichlorobenzidine 91-94-1 0.15 T-RSL 0.050 5.0 2.5 1.25 

3-Methylphenol (m-Cresol) 108-39-4 180 T-RSL 60 5.0 2.5 1.25 

3-Nitroaniline 99-09-2 NC None NC 20 10 5.0 

4,6-Dinitro-2-methylphenol 534-52-1 0.29 T-RSL 0.097 20 10 5.0 
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Analyte CAS Number 
PSL 

(µg/L) 
PSL 

Reference1 PQLG 
(µg/L) 

Empirical 

LOQ   
(µg/L) 

LOD   
(µg/L) 

DL   
(µg/L) HHRA HHRA 

4-Bromophenyl phenyl ether 101-55-3 NC None NC 5.0 2.5 1.25 

4-Chloro-3-methyl phenol 59-50-7 370 T-RSL 120 5.0 2.5 1.25 

4-Chloroanaline 106-47-8 0.34 T-RSL 0.11 5.0 2.5 1.25 

4-Chlorophenyl phenyl ether 7005-72-3 NC  None NC 5.0 2.5 1.25 

4-Methylphenol (p-Cresol) 106-44-5 18 T-RSL 6.0 5.0 2.5 1.25 

4-Nitroaniline 100-01-6 3.4 T-RSL 1.1 20 10 5.0 

4-Nitrophenol 100-02-7 NC None NC 20 10 5.0 

Acetophenone 98-86-2 370 T-RSL 120 5.0 2.5 1.25 

Atrazine 1912-24-9 0.29 T-RSL 0.097 5.0 2.5 1.25 

Benzaldehyde 100-52-7 370 T-RSL 120 5.0 2.5 1.25 

Bis(2-chloroethoxy)methane 111-91-1 11 T-RSL 3.7 5.0 2.5 1.25 

Bis(2-chloroethyl)ether 111-44-4 0.012 T-RSL 0.0040 5.0 2.5 1.25 

Bis(2-ethylhexyl)phthalate 117-81-7 4.8 T-RSL 1.6 5.0 2.5 1.25 

Butyl benzyl phthalate 85-68-7 35 T-RSL 12 5.0 2.5 1.25 

Caprolactam 105-60-2 1,800 T-RSL 600 5.0 2.5 1.25 

Carbazole 86-74-8 43 G-DCL 14 5.0 2.5 1.25 

Dibenzofuran 132-64-9 3.7 T-RSL 1.2 5.0 2.5 1.25 

Diethyl phthalate 84-66-2 2,900 T-RSL 970 5.0 2.5 1.25 

Dimethyl phthalate 131-11-3 2,900 T-RSL 970 5.0 2.5 1.25 

Di-n-butyl phthalate 84-74-2 370 T-RSL 120 5.0 2.5 1.25 

Di-n-octyl phthalate 117-84-0 20 G-DCL 6.7 5.0 2.5 1.25 

Hexachlorobenzene 118-74-1 0.042 T-RSL 0.014 5.0 2.5 1.25 

Hexachlorobutadiene 87-68-3 0.86 T-RSL 0.29 5.0 2.5 1.25 
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Analyte CAS Number 
PSL 

(µg/L) 
PSL 

Reference1 PQLG 
(µg/L) 

Empirical 

LOQ   
(µg/L) 

LOD   
(µg/L) 

DL   
(µg/L) HHRA HHRA 

Hexachlorocyclopentadiene 77-47-4 0.019 VAPOR 0.0063 5.0 2.5 1.25 

Hexachloroethane 67-72-1 3.7 T-RSL 1.2 5.0 2.5 1.25 

Isophorone 78-59-1 71 T-RSL 24 5.0 2.5 1.25 

Nitrobenzene 98-95-3 0.12 T-RSL 0.040 5.0 2.5 1.25 

N-Nitrosodi-n-propylamine 621-64-7 0.0096 T-RSL 0.0032 5.0 2.5 1.25 

N-Nitrosodiphenylamine 86-30-6 14 T-RSL 4.7 5.0 2.5 1.25 

Pentachlorophenol 87-86-5 0.17 T-RSL 0.057 20 10 5.0 

Phenol 108-95-2 1,100 T-RSL 370 5.0 2.5 1.25 

PAHs2 

2-Methylnaphthalene 91-57-6 15 T-RSL 5.0 0.2 0.1 0.05 

Acenaphthene 83-32-9 220 T-RSL 73 0.2 0.1 0.05 

Acenaphthylene 208-96-8 71 G-DCL 24 0.2 0.1 0.05 

Anthracene 120-12-7 1,100 T-RSL 370 0.2 0.1 0.05 

Benzo(a)anthracene 56-55-3 0.029 T-RSL 0.0097 0.2 0.1 0.05 

Benzo(a)pyrene 50-32-8 0.0029 T-RSL 9.7E-04 0.2 0.1 0.05 

Benzo(b)fluoranthene 205-99-2 0.029 T-RSL 0.0097 0.2 0.1 0.05 

Benzo(g,h,i)perylene 191-24-2 110 T-RSL 37 0.2 0.1 0.05 

Benzo(k)fluoranthene 207-08-9 0.29 T-RSL 0.097 0.2 0.1 0.05 

Chrysene 218-01-9 2.9 T-RSL 0.97 0.2 0.1 0.05 

Dibenzo(a,h)anthracene 53-70-3 0.0029 T-RSL 9.7E-04 0.2 0.1 0.05 

Fluoranthene 206-44-0 150 T-RSL 50 0.2 0.1 0.05 

Fluorene 86-73-7 150 T-RSL 50 0.2 0.1 0.05 

Indeno(1,2,3-c,d)pyrene 193-39-5 0.029 T-RSL 0.0097 0.2 0.1 0.05 
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Analyte CAS Number 
PSL 

(µg/L) 
PSL 

Reference1 PQLG 
(µg/L) 

Empirical 

LOQ   
(µg/L) 

LOD   
(µg/L) 

DL   
(µg/L) HHRA HHRA 

Naphthalene 91-20-3 0.14 T-RSL 0.047 0.2 0.1 0.05 

Phenanthrene 85-01-8 23 G-DCL 7.7 0.2 0.1 0.05 

Pyrene 129-00-0 110 T-RSL 37 0.2 0.1 0.05 

 
Notes: 
 
1   The PSL references for groundwater are:  T-RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Tapwater, adjusted to 1/10 of value for noncarcinogens (November, 2010); 
MCL – USEPA Maximum Contaminant Level (December, 2009); VAPOR – USEPA vapor screening values calculated from 2002 Vapor guidance and 2010 toxicity factors (November, 2002; 
May, 2010); G-DCL – IDEM Groundwater Default Closure Level (May, 2009).  Refer to Appendix E for further explanation and justification of PSLs. 
 
2   The low level PAHs will be analyzed by SW-846 Method 8270C Full Scan to obtain lower detection limits.   
 
Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaped rows indicated the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
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Matrix: Groundwater 
Analytical Group: Pesticides 
 

Analyte CAS Number 
PSL 

(µg/L) 
PSL 

Reference1 PQLG 
(µg/L) 

Empirical 

LOQ   
(µg/L) 

LOD   
(µg/L) 

DL   
(µg/L) HHRA HHRA 

alpha-BHC  319-84-6 0.011 T-RSL 0.0037 0.02 0.01 0.005 

beta-BHC  319-85-7 0.037 T-RSL 0.012 0.02 0.01 0.005 

delta-BHC  319-86-8 0.011 T-RSL 0.0037 0.02 0.01 0.005 

gamma-BHC (Lindane)  58-89-9 0.061 T-RSL 0.020 0.02 0.01 0.005 

Heptachlor  76-44-8 0.015 T-RSL 0.0050 0.02 0.01 0.005 

Aldrin  309-00-2 0.0040 T-RSL 0.0013 0.02 0.01 0.005 

Heptachlor epoxide  1024-57-3 0.0074 T-RSL 0.0025 0.02 0.01 0.005 

Endosulfan I  959-98-8 22 T-RSL 7.3 0.02 0.01 0.005 

Dieldrin  60-57-1 0.0042 T-RSL 0.0014 0.02 0.01 0.005 

4,4'-DDE  72-55-9 0.20 T-RSL 0.067 0.02 0.01 0.005 

Endrin  72-20-8 1.1 T-RSL 0.37 0.02 0.01 0.005 

Endosulfan II  33213-65-9 22 T-RSL 7.3 0.02 0.01 0.005 

4,4'-DDD  72-54-8 0.28 T-RSL 0.093 0.02 0.01 0.005 

Endosulfan sulfate  1031-07-8 22 T-RSL 7.3 0.02 0.01 0.005 

4,4'-DDT  50-29-3 0.20 T-RSL 0.067 0.02 0.01 0.005 

Methoxychlor  72-43-5 18 T-RSL 6.0 0.02 0.01 0.005 

Endrin ketone  53494-70-5 1.1 T-RSL 0.37 0.02 0.01 0.005 

Endrin aldehyde  7421-93-4 1.1 T-RSL 0.37 0.02 0.01 0.005 

alpha-Chlordane  5103-71-9 0.19 T-RSL 0.063 0.02 0.01 0.005 

gamma-Chlordane  5103-74-2 0.19 T-RSL 0.063 0.02 0.01 0.005 

Toxaphene  8001-35-2 0.061 T-RSL 0.020 1.0 0.667 0.333 
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Notes: 
 
1   The PSL references for groundwater are:  T-RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Tapwater, adjusted to 1/10 of value for noncarcinogens (November, 2010); 
MCL – USEPA Maximum Contaminant Level (December, 2009); VAPOR – USEPA vapor screening values calculated from 2002 Vapor guidance and 2010 toxicity factors (November, 2002; 
May, 2010); G-DCL – IDEM Groundwater Default Closure Level (May, 2009).  Refer to Appendix E for further explanation and justification of PSLs. 
 
Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
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Matrix: Groundwater 
Analytical Group: PCBs 
 

Analyte CAS Number 
PSL 

(µg/L) 
PSL 

Reference1 PQLG 
(µg/L) 

Empirical 

LOQ   
(µg/L) 

LOD   
(µg/L) 

DL   
(µg/L) HHRA HHRA 

Aroclor-1016 12674-11-2 0.96 T-RSL 0.32 0.5 0.25 0.125 

Aroclor-1221 11104-28-2 0.0068 T-RSL 0.0023 0.5 0.25 0.125 

Aroclor-1232 11141-16-5 0.0068 T-RSL 0.0023 0.5 0.25 0.125 

Aroclor-1242 53469-21-9 0.034 T-RSL 0.011 0.5 0.25 0.125 

Aroclor-1248 12672-29-6 0.034 T-RSL 0.011 0.5 0.25 0.125 

Aroclor-1254 11097-69-1 0.034 T-RSL 0.011 0.5 0.25 0.125 

Aroclor-1260 11096-82-5 0.034 T-RSL 0.011 0.5 0.25 0.125 

Total PCBs - NC None NC 0.5 0.25 0.125 

 
Notes: 
 
1   The PSL references for groundwater are:  T-RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Tapwater, adjusted to 1/10 of value for noncarcinogens (November, 2010); 
MCL – USEPA Maximum Contaminant Level (December, 2009); VAPOR – USEPA vapor screening values calculated from 2002 Vapor guidance and 2010 toxicity factors (November, 2002; 
May, 2010); G-DCL – IDEM Groundwater Default Closure Level (May, 2009).  Refer to Appendix E for further explanation and justification of PSLs. 
 
Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report.  
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Matrix: Groundwater 
Analytical Group: Metals (Total and Dissolved) and Cyanide 
 

Analyte CAS Number 
PSL 

(µg/L) 
PSL 

Reference1 PQLG 
(µg/L) 

Empirical 

LOQ   
(µg/L) 

LOD   
(µg/L) 

DL   
(µg/L) HHRA HHRA 

Aluminum 7429-90-5 3,700 T-RSL 1200 200 100 50 

Antimony 7440-36-0 1.5 T-RSL 0.50 3.0 2.0 1.0 

Arsenic 7440-38-2 0.045 T-RSL 0.015 1.5 1.5 0.75 

Barium 7440-39-3 730 T-RSL 240 40 20 10 

Beryllium 7440-41-7 4.0 G-DCL 1.3 5.0 2 1.0 

Cadmium 7440-43-9 1.8 T-RSL 0.60 1.5 0.50 0.25 

Calcium 7440-70-2 NC None  NC 5000 2000 1000 

Chromium 7440-47-3 0.043 T-RSL 0.014 10 4.0 2.0 

Cobalt 7440-48-4 1.1 T-RSL 0.37 3.1 2.5 1.3 

Copper 7440-50-8 150 T-RSL 50 10 8.0 4.0 

Iron 7439-89-6 2,600 T-RSL 870 100 60 30 

Lead 7439-92-1 15 T-RSL 5.0 3.0 3.0 1.5 

Magnesium 7439-95-4 NC  None NC 5000 3000 1000 

Manganese 7439-96-5 88 T-RSL 29 15 10 5.0 

Mercury 7439-97-6 1.1 T-RSL 0.37 0.2 0.16 0.08 

Nickel 7440-02-0 73 T-RSL 24 10 6.0 3.0 

Potassium 7440-09-7 NC None  NC 5000 3000 1000 

Selenium 7782-49-2 18 T-RSL 6.0 6.0 5.0 3.0 

Silver 7440-22-4 18 T-RSL 6.0 10 2.0 1.0 

Sodium 7440-23-5 NC None  NC 5000 3000 1000 

Thallium 7440-28-0 2.0 G-DCL 0.67 2.0 1.0 0.75 
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Analyte CAS Number 
PSL 

(µg/L) 
PSL 

Reference1 PQLG 
(µg/L) 

Empirical 

LOQ   
(µg/L) 

LOD   
(µg/L) 

DL   
(µg/L) HHRA HHRA 

Vanadium 7440-62-2 18 T-RSL 6.0 13 10 5.0 

Zinc 7440-66-6 1,100 T-RSL 370 20 10 5.0 

Cyanide 57-12-5 73 T-RSL 24 0.02 0.01 0.005 

 
Notes: 
 
1   The PSL references for groundwater are:  T-RSL - USEPA Regions 3, 6, and 9 Regional Screening Level for Soil, Tapwater, adjusted to 1/10 of value for noncarcinogens (November, 2010); 
MCL – USEPA Maximum Contaminant Level (December, 2009); VAPOR – USEPA vapor screening values calculated from 2002 Vapor guidance and 2010 toxicity factors (November, 2002; 
May, 2010); G-DCL – IDEM Groundwater Default Closure Level (May, 2009).  Refer to Appendix E for further explanation and justification of PSLs. 
 
Bolded rows indicate that the PSL is between the laboratory LOQ and LOD.  The Project Team has agreed to accept this data for decision making if results below the LOQ are “J” qualified and 
the results are discussed in the uncertainties section of the Risk Assessment. 
 
Bolded and Shaded rows indicate the PSL is less than the LOD; therefore, the Project Team has agreed to report non-detected results at the LOD and any limitations on data use that result 
from having detection limits that are greater than PSLs will be described in the RFI Report. 
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SAP Worksheet No. 16 -- Project Schedule / Timeline Table 
(UFP-QAPP Manual Section 2.8.2) 
 

Activities Organization 

Dates (MM/DD/YYYY) 

Deliverable Deliverable Due Date Anticipated 
Date(s)  

of Initiation 

Anticipated Date 
of Completion 

Initial screening soil, sediment and 
groundwater sampling Tetra Tech 04/01/2011 04/15/2011 RFI Report (if no 

additional sampling) 
12/26/2011 (draft) 
10/05/2012 (final) 

Additional “step-out” and other 
sampling if necessary Tetra Tech 07/01/2011 07/15/2011 RFI Report (if additional 

sampling is performed) 
03/26/2012 (draft) 
01/05/2013 (final) 
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SAP Worksheet No. 17 -- Sampling Design and Rationale 
(UFP-QAPP Manual Section 3.1.1) 
 

The RFI field data collection program will be within the boundaries of SWMU 11 including the drainage 

channel to Broom Branch and area downgradient of the Building 2981 concrete tank.   Initial sampling will 

be performed to determine if there are target analytes in environmental media as a result of operations, 

and the fire and firefighting measures including the drainage channel that discharges to Broom Branch.  If 

the maximum concentration of any target analyte exceeds an applicable human health or ecological PSL, 

additional sampling may be required to define the nature and extent of COPC contamination and to 

support human health and ecological risk assessments.  The planned initial screening sample locations 

are presented on Figures 17-1, 17-2, 17-3, and 17-4.   

 

Chemicals that may have been present in former Building 225 during the 1976 fire and have the potential 

to impact environmental media include the following: 

 

• Solvents, paints, and other chemical compounds:  Various chemicals were stored onsite, and may 

have leaked onto the ground and leached into the subsurface during operations, and the fire and 

subsequent firefighting efforts.  Analyses will include the Target Compound List (TCL) for VOCs and 

SVOCs (including low level PAHs).  

 

• Pesticides and PCBs:  Although there is an inventory list of what was being stored in Building 225 at 

the time of the fire, its accuracy and reliability is unknown.  Pesticides and PCBs have been detected 

at other NSA Crane sites and may have been present at this site.  Therefore, analyses will include the 

21 TCL pesticides and 7 TCL PCBs. 

  

• Dioxins/Furans: Dioxins and furans occur as byproducts from the incineration of chlorinated 

substances as well as a naturally occurring byproduct of combustion.  Analyses will include a 

standard screen of dioxin and furan congeners.  Surface soil and sediment samples from the 

investigative areas (except the concrete tank), in the vicinity of the former building, and at the 

downwind areas will be analyzed for dioxins/furans.   

 

• Metals:  Various metals may have been present on site in the form of paints and other chemical 

compounds.  Analyses will include the full list of 23 Target Analyte List (TAL) Metals and cyanide 

 
• Cyanide. Cyanide is on the full TAL and may have been present at the site 

 

Soil Sampling  

The initial screening soil sampling program consists of collecting surface soil and subsurface soil from 

biased locations across the site.  Generally, surface and subsurface soil samples will be horizontally 
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aligned.  Subsurface soil samples will be collected from the sampling interval with the greatest potential 

for contamination based on field screening techniques.  This approach, coupled with the ability to make 

field decisions to determine the extent of contamination, supports both the delineation of contamination 

and the risk assessment objectives.   

 

Initial screening surface and subsurface samples will be collected from locations that have a greater 

potential to have subsurface contamination (based on site history).  The proposed initial screening soil 

sampling locations are shown on Figures 17-1, 17-2, and 17-3.  If site conditions require a location to be 

moved (i.e., boulder, tree, etc.), the field sampler will move to an alternate location to collect the 

necessary sample.  If this occurs, the field sampler will document the reason in the field logbook.  

Generally, surface and subsurface soil samples will be analyzed for SVOCs (including low level PAHs), 

pesticides, PCBs, metals, and cyanide.  In addition, surface soil samples collected under the floor slab 

and subsurface soil samples will also be analyzed for VOCs.  Also, select soil samples collected from the 

following areas will be analyzed for dioxins/furans:  below the floor slab, in the ditch, the three adjacent 

areas, and the four downwind areas.      

 

Soil sampling will be performed in the investigative areas (IA) as described below and as shown on 

Figures 17-1, 17-2, and 17-3.   

 

• IA-1 – Building 225 Sub-slab.  Contaminants may have infiltrated through joints in the concrete floor 

slab.  Four surface soil samples and four subsurface soil samples will be collected from below the 

floor slab and aggregate material.  The four locations will be selected in the field along joints in the 

floor slab and will be horizontally aligned.  One of the four surface soil samples will be analyzed for 

dioxins/furans.  Based on the CSM, eight soil samples will be collected from IA-1.  Four surface soil 

samples from discrete locations will be analyzed for VOCs, SVOCs (including low level PAHs), 

pesticides, PCBs, metals, and cyanide; one surface soil sample collected from the sub-slab will be 

analyzed for dioxins/furans.  Four subsurface soil samples from discrete locations will be analyzed for 

VOCs, SVOCs (including low level PAHs), pesticides, PCBs, metals, and cyanide. 

 

• IA-2 – Ditch.  The ditch along the west side of the site conveyed runoff from the site and 

contaminants may have infiltrated into the soil in the area.  Surface soil samples will be collected from 

the ditch.  The first sampling location will be where the ditch drains into the culvert at the north end of 

the site.  There will be five additional sampling locations south of that point approximately every 50’ 

along the ditch.  Because it is an open area, surface soil samples from this area will not be analyzed 

also be analyzed for VOCs.  One soil sample collected in the ditch will be analyzed for dioxins/furans.  

Based on the CSM, six surface soil samples will be collected from IA-2.  Six samples from discrete 

locations will be analyzed for SVOCs (including low level PAHs), pesticides, PCBs, metals, and 

cyanide; one sample will be analyzed for dioxins/furans. 
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• IA-3 – Adjacent Areas.  The adjacent areas consist of three distinct areas near Building 225.  The 

areas are the grassed area east and adjacent to the Building 225 floor slab; the adjacent area north 

of the floor slab containing both paved and grassed areas; and the adjacent area south of the floor 

slab containing both paved and grassed areas.  These areas may have been contaminated during the 

fire.  Surface samples will be collected from four locations from the grassed area east and adjacent to 

the Building 225 floor slab and from two locations in the each of the two adjacent areas south and 

north of the Building 225 floor slab.  Because it is an open area, the surface soil samples from these 

areas will not be analyzed for VOCs.  In each of the three adjacent areas, one sample will be 

analyzed for dioxins/furans..  Based on the CSM, eight surface soil samples will be collected from the 

three adjacent areas that comprise IA-3.  Eight surface soil samples from discrete locations at three 

of the adjacent areas (immediately north, south, and east of the building) will be analyzed for SVOCs 

(including low level PAHs), pesticides, PCBs, metals, and cyanide; three soil samples collected at the 

adjacent areas (one sample representing each of these three areas) will be analyzed for 

dioxins/furans.   

 

• IA-4 – Downwind Areas.  The downwind areas consist of four distinct areas and consist of 1) two 

grassed areas northeast of Building 225 and across Highway 101; and 2) two unpaved areas 

southwest of Building 225.  Based on the CSM, the two areas northeast of Building 225 are believed 

to be upwind of the fire.  The areas southwest of Building 225 are believed to be downwind of the fire.   

These areas may have been contaminated during the fire by airborne particulates containing residual 

dioxins/furans. Two discrete surface soil samples will be collected from the upwind northeast areas, 

while four discrete surface soil samples will be collected from the downwind southwest areas.  

Samples will be collected from open, grassy areas to be determined in the field, identified using GPS, 

and recorded in the field log book.  Based on the CSM, six surface soil samples will be collected from 

the downwind areas that comprise IA-4; the six samples will be analyzed for dioxins/furans.    

 

• IA-5 – UST Area.  Historical drawings indicate that a UST was located approximately 40 feet south of 

Building 225; the disposition of this UST is not known.  Subsurface soil samples from this area will be 

analyzed for fuel contaminants.  Subsurface soil samples will be collected from near the approximate 

bottom elevation of the UST as estimated by field observations and field measurements.  Based on 

the CSM, four subsurface soil samples will be collected from IA-5.  These soil samples will be 

analyzed for VOCs and SVOCs (including low level PAHs). 

 
• IA-6 - Building 2981 Concrete Tank.  Green water used to fight the fire was contaminated with the 

chemicals released during the fire.  Some of the contaminated water was transported to the Building 

2981 concrete tank for holding.  The disposition of this water is unknown  and may have been 

released in to the nearby drainage.  Therefore, four surface soil samples will be collected downstream 

from the concrete tank outlet; the locations of these samples will be determined in the field based on 

the location of the tank and the hydrology of the surrounding area.  Because it is an open area, 

samples from this area will not be analyzed for VOCs.  Four surface soil samples will be collected 
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from IA-6.  Two samples from discrete locations will be analyzed for SVOCs (including low level 

PAHs), pesticides, PCBs, metals, and cyanide. 

 

Sample Depth – A DPT rig will be used to collect surface and subsurface soil samples.  Samples for all 

applicable analytical groups will be collected from the 0- to 2-foot interval for surface soil.  Subsurface soil 

samples will be collected from IA-1 – Building 225 Sub-slab and IA-5 – UST Area.  The samples will be 

collected from the specific 2-foot boring that has the greatest potential for contamination based on visual 

and field instrument screening as determined in the field.  At IA-1, the soil borings will be advanced to 

refusal or 15 feet, whichever is shallower.  At IA-5, the subsurface soil samples may be collected to 10 

feet bgs or to the estimated bottom of fill or UST elevation, whichever is shallower.  If there are no 

obvious signs of contamination, the subsurface soil samples will be collected from the 4- to 6-foot interval.    

 

Soil Sample Quantities – As described above, 28 surface soil samples (plus 4 duplicate samples for QC 

purposes) and 8 subsurface soil samples (plus 1 duplicate samples for QC purposes) will be collected 

and analyzed for certain target analytes, which require analysis to low levels to support future risk 

assessments, if necessary.  Due to the volatile nature of VOCs, surface soil samples will not be analyzed 

for VOCs except those from below the floor slab.  The planned soil sample locations are presented on 

Figures 17-1, 17-2, and 17-3.  Additionally, at the discretion of the Tetra Tech FOL, the sampler may 

collect up to 12 “step-out” samples when areas of obvious or likely contamination are encountered during 

the initial screening sampling event.  The flexibility to collect these additional samples extends both 

horizontally and vertically.  Areas requiring additional sampling will be discerned by visual signs and the 

experience of the Tetra Tech FOL.  Emphasis will be placed on collecting samples required to delineate 

contaminated areas.   

 

One round of “step-out” samples will be collected at the boundaries of the area(s) to be sampled if PSL 

exceedances are detected in initial screening surface and subsurface soil samples to delineate areas of 

COPCs.  Up to 30 additional “step-out” samples will be collected from 25 feet away in each general 

direction  (north, east, south, or west) where PSL exceedances from the initial screening are unbounded, 

and “step-out” samples can be collected.  For instance, if there are buildings, roads, or other impediments 

that preclude extending the boundary by 25 feet in a general direction, no sample will be collected and 

the impediment will be documented in the field sampler’s notes.  These “step-out” samples will be 

collected from the same depth as the corresponding initial screening sample and analyzed for only those 

target analytes that exceeded PSLs (and exceeded background levels for metals).  If the Project Team 

deems them necessary, additional “step-out” samples will be collected from a depth of two feet below the 

initial screening sample that exceeds one or more PSLs to vertically delineate COPCs.  Samples are 

expected to be collected by a DPT; however, a hand auger or backhoe may be used, if necessary.   

 

Based on a review of the analytical data and risk screening calculations from the initial screening 

sampling event  a HHRA and an ERA will be conducted in accordance with Sections 11.4 and 11.5.   
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Sediment Sampling 

The initial screening sediment sampling program consists of collecting surface sediment samples from the 

drainage channel which conveyed runoff from the fire to Broom Branch.  Surface sediment samples will 

be collected from two depth intervals at horizontally aligned locations.  This approach, coupled with the 

ability to make field decisions to delineate the extent of contamination as described as follows, supports 

both the delineation of contamination and the calculation of risk estimates. 

 

The proposed sediment sample location grid was adjusted to follow the drainage path, and further 

adjustments may be necessary in the field if sediment is not available at the proposed locations.  An 

attempt will be made to minimize relocation of sampling points because it affects the representativeness 

of individual samples; however, collecting the total number of proposed sediment samples is deemed 

more important to achieving project goals than strict adherence to the sampling grid.  The planned 

sediment sample locations are presented on Figure 17-4. 

 

• IA-7 – Drainage Channel.  Surface sediment samples will be collected from four locations in the 

drainage channel at two depth intervals.  The first sampling location will be where the culvert from the 

site discharges to the channel.  Three additional sampling locations will be selected west 

(downgradient) of that point approximately every 100 feet along the channel.  The first set of surface 

sediment samples will be collected from 0 to 6 inches bgs.  The second set of surface sediment 

samples will be collected from the same locations between 6 to 12 inches bgs.  Sediment samples 

will be analyzed for SVOCs (including low level PAHs), pesticides, PCBs, metals, and cyanide.  

Sediment samples will also be analyzed for TOC to support site-specific risk calculations.  Because it 

is an open area, surface sediment samples from this area will not be analyzed for VOCs.  One 

sediment sample from each depth set of the four surface sediment samples identified above will be 

analyzed for dioxins/furans.  Based on the CSM, eight sediment samples will be collected from IA-7.  

Four discrete shallow surface samples and four discrete deeper surface soil samples will be analyzed 

for SVOCs (including low level PAHs), PCBs, pesticides, metals, cyanide, and TOC; two samples 

from one of the sediment locations (one sample representing each depth set) will be analyzed for 

dioxins/furans. 

 

Sediment Sample Quantities 

 

Eight sediment samples (plus one duplicate sample for QC purposes) will be collected from the drainage 

channel to Broom Branch during the initial screening sampling event.  Based on the initial screening 

sample results, the Project Team will determine if one round of “step-out” sample collection is required.  

Up to six additional “step-out” sediment samples (three locations at two depths) will be collected 50 feet 

or 100 feet from where PSL exceedances from the initial screening are unbounded, and “step-out” 

samples can be collected.  Based on initial screening sediment sample results, additional soil samples 
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from the floodplain may also be collected.  Sections 11.4 and 11.5 will be used to guide the Project Team 

in this decision. 

 

Groundwater Sampling  

Groundwater samples will be collected from three locations during the initial screening sampling event 

using the DPT rig.  Two samples will be collected from locations located downgradient of potentially 

contaminated areas of the site, and one sample will be collected from a location upgradient of the site as 

shown on Figure 17-4.  The downgradient locations will be downgradient of areas with the greatest 

potential for contamination based on historical data and field screening observations.  The need for 

installation of permanent monitoring wells will be determined by Project Team consensus based on the 

results from the initial screening sampling event groundwater samples. 

 

Three groundwater samples (plus one duplicate sample for QC purposes) will be collected and analyzed 

for VOCs, SVOCs (including low level PAHs), pesticides, PCBs, and total (and dissolved, if groundwater 

is highly turbid) metals and cyanide.  Groundwater samples will also be analyzed for field parameters, 

including water levels, pH, specific conductivity, turbidity, temperature, Oxidation-Reduction Potential 

(ORP), and dissolved oxygen (DO) to support field sampling decisions and site-specific risk calculations. 

 

Based on the results from the initial screening sampling event, permanent groundwater monitoring wells 

may be deemed necessary by the Project Team as a selected remedy from a CMS and would be placed 

in areas where subsurface soil contamination concentrations and groundwater sample analysis data 

indicate the greatest potential for groundwater contamination.  If permanent groundwater monitoring wells 

are required, monitoring well locations will be identified in a separate SAP. 

 

Additional Sampling for Delineation of COPCs and Risk Assessments  

One additional round of “step out” sampling will be performed if initial screening sampling (as described 

above) results indicate that contaminant levels exceed PSLs and COPCs are identified.  Additional 

samples may include surface soil, subsurface soil, surface water, sediment, and/or groundwater.   

 

Field Quality Control Samples 

Field QC samples will be collected as part of the investigation, including FDs, trip blanks, equipment 

rinsate blanks, and field blanks.  Worksheet No. 20 presents the field QC sample summary.  Also, 

additional sample volume will be collected as necessary for the laboratory QC of Matrix Spike (MS)/ 

Matrix Spike Duplicate (MSD) analyses (for VOCs, SVOCs, including low level PAHs, pesticides, and 

PCBs) and MS/laboratory duplicate analyses (for metals and cyanide). 
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SAP Worksheet No. 18 -- Sampling Locations and Methods/SOP Requirements Table 
(UFP-QAPP Manual Section 3.1.1) 
 

Sampling Location ID Number Matrix Depth 
(feet bgs) Analytical Group 

Number of 
Samples (identify 

field duplicates) 

Sampling SOP 
Reference1 

11SB01 

11SS010002  
and 
11SSFDMMDDYYNN2 

Soil 0 - 2 

VOCs 1 + 1 FD  

SOP-07, SOP-08, 
SOP-11 

SVOCs/Low Level PAHs 1 + 1 FD  

Pesticides/PCBs 1 + 1 FD  

Metals/Cyanide 1 + 1 FD  

11SB01NNNN3 
and 
11SBFDMMDDYYNN2 

Soil >24 

VOCs 1 + 1 FD  

SOP-07, SOP-08, 
SOP-11 

SVOCs/Low Level PAHs 1 + 1 FD  

Pesticides/PCBs 1 + 1 FD  

Metals/Cyanide 1 + 1 FD  

11SB02 

11SS020002 Soil 0 - 2 

VOCs 1 

SOP-07, SOP-08, 
SOP-11 

SVOCs/Low Level PAHs 1 

Pesticides/PCBs 1 

Metals/Cyanide 1 

Dioxins/Furans 1 

11SB02NNNN3 Soil >24 

VOCs 1 

SOP-07, SOP-08, 
SOP-11 

SVOCs/Low Level PAHs 1 

Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB03 

11SS030002 Soil 0 - 2 

VOCs 1 

SOP-07, SOP-08, 
SOP-11 

SVOCs/Low Level PAHs 1 

Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB03NNNN3 Soil >24 

VOCs 1 

SOP-07, SOP-08, 
SOP-11 

SVOCs/Low Level PAHs 1 

Pesticides/PCBs 1 

Metals/Cyanide 1 
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Sampling Location ID Number Matrix Depth 
(feet bgs) Analytical Group 

Number of 
Samples (identify 

field duplicates) 

Sampling SOP 
Reference1 

11SB04 

11SS040002 Soil 0 - 2 

VOCs 1 

SOP-07, SOP-08, 
SOP-11 

SVOCs/Low Level PAHs 1 
Pesticides/PCBs 1 
Metals/Cyanide 1 

11SB04NNNN3 Soil >24 

VOCs 1 

SOP-07, SOP-08, 
SOP-11 

SVOCs/Low Level PAHs 1 
Pesticides/PCBs 1 
Metals/Cyanide 1 

11SB05 11SS050002 Soil 0 – 2 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB06 11SS060002 Soil 0 – 2 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB07 11SS070002 Soil 0 – 2 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB08 11SS080002 Soil 0 – 2 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB09 11SS090002 Soil 0 – 2 

SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 

Pesticides/PCBs 1 
Metals/Cyanide 1 
Dioxins/Furans 1 

11SB10 11SS100002 Soil 0 – 2 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB11 
11SS110002  
and  
11SSFDMMDDYYNN2 

Soil 0 – 2 

SVOCs/Low Level PAHs 1 + 1 FD  

SOP-07, SOP-08, 
SOP-11 

Pesticides/PCBs 1 + 1 FD  

Metals/Cyanide 1 + 1 FD  

Dioxins/Furans 1 + 1 FD 
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Sampling Location ID Number Matrix Depth 
(feet bgs) Analytical Group 

Number of 
Samples (identify 

field duplicates) 

Sampling SOP 
Reference1 

11SB12 11SS120002 Soil 0 – 2 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB13 11SS130002 Soil 0 – 2 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB14 11SS140002 Soil 0 – 2 

SVOCs/Low Level PAHs 1 
SOP-07, SOP-08, 

SOP-11 
Pesticides/PCBs 1 
Metals/Cyanide 1 
Dioxins/Furans 1 

11SB15 11SS150002 Soil 0 – 2 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB16 11SS160002 Soil 0 – 2 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB17 11SS170002 Soil 0 – 2 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB18 11SS180002 Soil 0 – 2 

SVOCs/Low Level PAHs 1 
SOP-07, SOP-08, 

SOP-11 
Pesticides/PCBs 1 
Metals/Cyanide 1 
Dioxins/Furans 1 

11SB19 11SS190002 Soil 0 – 2 Dioxins/Furans 1 SOP-07, SOP-08, 
SOP-11 

11SB20 11SS200002 Soil 0 – 2 Dioxins/Furans 1 SOP-07, SOP-08, 
SOP-11 

11SB21 11SS210002 
and 
11SSFDMMDDYYNN2 

Soil 0 – 2 Dioxins/Furans 1 + 1 FD SOP-07, SOP-08, 
SOP-11 

11SB22 11SS220002 Soil 0 – 2 Dioxins/Furans 1 SOP-07, SOP-08, 
SOP-11 

11SB23 11SS230002 Soil 0 – 2 Dioxins/Furans 1 SOP-07, SOP-08, 
SOP-11 

11SB24 11SS240002 Soil 0 – 2 Dioxins/Furans 1 SOP-07, SOP-08, 
SOP-11 
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Sampling Location ID Number Matrix Depth 
(feet bgs) Analytical Group 

Number of 
Samples (identify 

field duplicates) 

Sampling SOP 
Reference1 

11SB25 11SB25NNNN3 Soil >24 
VOCs 1 SOP-07, SOP-08, 

SOP-11 
SVOCs/Low Level PAHs 1 

11SB26 11SB26NNNN3 Soil >24 VOCs 1 
SOP-07, SOP-08, 

SOP-11 SVOCs/Low Level PAHs 1 

11SB27 11SB27NNNN3  Soil >24 VOCs 1 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 11SB28 11SB28NNNN3 Soil >24 VOCs 1 

SVOCs/Low Level PAHs 1 

11SB29 11SS290002 Soil 0 – 2 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB30 11SS300002 Soil 0 – 2 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB31 

11SS310002 
and 
11SSFDMMDDYYNN2 
 

Soil 0 – 2 

SVOCs/Low Level PAHs 1 + 1 FD 
SOP-07, SOP-08, 

SOP-11 
Pesticides/PCBs 1 + 1 FD 

Metals/Cyanide 1 + 1 FD 

11SB32 

11SS3

 
 

 

 
 

SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 

Pesticides/PCBs 1 

Metals/Cyanide 1 

11SB33 to 11SBXX5 

11SS(25-XX)0002 Soil 0 – 2 
SVOCs/Low Level PAHs 1 

SOP-07, SOP-08, 
SOP-11 

Pesticides/PCBs 1 
Metals/Cyanide 1 

11SB(25-XX)NNNN3 Soil >24 

VOCs 1 
SVOCs/Low Level PAHs 1 
Pesticides/PCBs 1 
Metals/Cyanide 1 

11SB(XX+1) to 11SBYY6 TBD Soil TBD COPCs (TBD) 1 (each location) SOP-07, SOP-08, 
SOP-11 
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Sampling Location ID Number Matrix Depth 
(feet bgs) Analytical Group 

Number of 
Samples (identify 

field duplicates) 

Sampling SOP 
Reference1 

11SB(YY+1) to 11SBZZ7 TBD Soil TBD COPCs (TBD) 1 (each location) SOP-07, SOP-08, 
SOP-11 

11SD01 

11SD010006  Sediment  0-0.5 

SVOCs/Low Level PAHs 1 

SOP-09 

Pesticides/PCBs 1 
Metals/Cyanide 1 
 TOC 1 

11SD010612 Sediment  0.5-1.0 

SVOCs/Low Level PAHs 1 
Pesticides/PCBs 1 
Metals/Cyanide 1 
 TOC 1 

11SD02 

11SD020006 
and 

11SDF

Y
Y

2 

Sediment  0-0.5 

SVOCs/Low Level PAHs 1 + 1 FD  

SOP-09 

Pesticides/PCBs 1 + 1 FD  
Metals/Cyanide 1 + 1 FD  
Dioxins/Furans 1 + 1 FD  

TOC 1 + 1 FD  

11SD020612 Sediment  0.5-1.0 

SVOCs/Low Level PAHs 1 
Pesticides/PCBs 1 
Metals/Cyanide 1 
Dioxins/Furans 1 
 TOC 1 

11SD03 

11SD030006 Sediment  0-0.5 

SVOCs/Low Level PAHs 1 

SOP-09 

Pesticides/PCBs 1 
Metals/Cyanide 1 
 TOC 1 

11SD030612 Sediment  0.5-1.0 

SVOCs/Low Level PAHs 1 
Pesticides/PCBs 1 
Metals/Cyanide 1 
 TOC 1 
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Sampling Location ID Number Matrix Depth 
(feet bgs) Analytical Group 

Number of 
Samples (identify 

field duplicates) 

Sampling SOP 
Reference1 

11SD04 

11SD040006 Sediment  0-0.5 

SVOCs/Low Level PAHs 1 

SOP-09 

Pesticides/PCBs 1 
Metals/Cyanide 1 
 TOC 1 

11SD040612 Sediment  0.5-1.0 

SVOCs/Low Level PAHs 1 
Pesticides/PCBs 1 
Metals/Cyanide 1 

 TOC 1 

11TW01 
11GW0101  
and 
11GWFDMMDDYYNN2 

Groundwater Shallow (<20) 

VOCs 1 + 1 FD  
SOP-11, SOP-14, 
SOP-15, SOP-16, 

SOP-17 

SVOCs/Low Level PAHs 1 + 1 FD  
Pesticides/PCBs 1 + 1 FD  
Metals/Cyanide 1 + 1 FD  

11TW02 11GW0201 Groundwater Shallow (<20) 

VOCs 1 
SOP-11, SOP-14, 
SOP-15, SOP-16, 

SOP-17 

SVOCs/Low Level PAHs 1 
Pesticides/PCBs 1 
Metals/Cyanide 1 

11TW03 11GW0301 Groundwater Shallow (<20) 

VOCs 1 
SOP-11, SOP-14, 
SOP-15, SOP-16, 

SOP-17 

SVOCs/Low Level PAHs 1 
Pesticides/PCBs 1 
Metals/Cyanide 1 

11MWT01 to MWTXX8 11MWT0101 to 
11MWTXX01 Groundwater TBD COPCs (TBD) 1 (each location) 

SOP-11, SOP-12, 
SOP-13, SOP-14, 
SOP-15, SOP-16, 

SOP-17 

 
1 SOP or worksheet that describes the sample collection procedures (Worksheet No. 21). 
2 FD locations may change in the field based on visual and olfactory observations and PID readings; “MMDDYY” represents date collected; NN represents the sequential 

number of this type of QC sample collected on that date 
3 Depth of samples will be determined in the field; “NNNN” represents top and bottom sample depth.  For example, if sample is collected from 4- to 6-feet bgs, the depth 

will be recorded as 0406. 
4 If there are no PID readings or visual observations that cause a subsurface depth to be selected in a biased manner, then the 4- to 6-foot bgs depth interval will be 

selected. 
5 Up to 12 additional “step-out” samples may be collected at the discretion of the Tetra Tech FOL during the initial screening sampling event. 
6 Up to 30 additional “step-out” samples may be collected to delineate COPCs. 
7 Additional random background samples may be collected to support risk assessments.  The sample quantities and sample locations will be determined using VSP. 
8 The number of permanent monitoring wells and their locations will be determined by the Project Team based on the initial screening sample event data. 
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SAP Worksheet No. 19 -- Analytical SOP Requirements Table 
(UFP-QAPP Manual Section 3.1.1) 
 

MATRIX ANALYTICAL 
GROUP 

ANALYTICAL AND 
PREP ARATION 
METHOD/ SOP 
REFERENCE (1) 

CONTAINERS  

(number, size, 
and type) 

S AMPLE 
VOLUME 

(units) 

PRESERVATION 
REQUIREMENTS 

(chemical, 
temperature, light 

protected) 

MAXIMUM 
HOLDING TIME 

(preparation/ 
analysis) 

Groundwater and 
aqueous QC samples VOCs 

SW-846 5030/8260B, 
Empirical SOP-202 

Three  
40-milliliter  (mL) 
glass vials 

5 mL 

Hydrochloric acid 
(HCl) to pH<2; cool 
to ≤6 °C; no 
headspace 

14 days to analysis 

Soil and sediment VOCs 
SW-846 5035/8260B, 
Empirical SOP-202/225 

Three 5-gram (g) 
Encore samplers 
or terracores 

5 g 

Sodium bisulfate in 
water, Cool to ≤6 °C; 
methanol, freeze to 
< -10 °C 

48 hours from 
sampling to 
preparation,  
14 days to analysis 

Groundwater and 
aqueous QC samples 

SVOCs (Including 
Low Level PAHs) 

SW-846 3510C/3520/ 
8270C/8270C-Low, 
Empirical SOP-201/300 

Two 1-liter (L) 
glass amber 
bottles 

1,000 mL Cool to ≤6 °C 

7 days until 
extraction, 40 days to 
analysis 

Soil and sediment SVOCs (Including 
Low Level PAHs) 

SW-846 3546/8270C/ 
8270C-Low, Empirical  
SOP-201/343 

One 4-ounce  
(oz) glass jar 30 g Cool to ≤6 °C 

14 days until 
extraction, 40 days to 
analysis 

Groundwater and 
aqueous QC samples Pesticides/ PCBs 

SW-846 3510C/3520/ 
8081B/8082A, Empirical 
SOP-211/302  

Two 1-L glass 
amber bottles 1,000 mL Cool to ≤6 °C 

7 days until 
extraction, 40 days to 
analysis 

Soil and sediment Pesticides/ PCBs 
SW-846 3546/ 
3550/8081B/8082A, 
Empirical SOP-211/343 

One 4-oz glass 
jar 30 g Cool to ≤6 °C 

14 days until 
extraction, 40 days to 
analysis 

Groundwater  and 
aqueous QC samples 

Metals, Including 
Mercury (and 
Dissolved Metals) 

SW-846 3010A/ 
6010C/7470A, Empirical 
SOP-100/103/105 

One 500-mL 
plastic bottle 

50 mL / 30 mL 
for mercury 

Nitric acid to pH <2; 
Cool to ≤6 °C 

180 days to analysis 
except mercury, 
28 days for mercury 

Soil and sediment Metals, Including 
Mercury 

SW-846 3050B/ 
6010C/7471A, Empirical 
SOP-100/104/105 

One 4-oz glass 
jar 

1 to 2 grams / 0.3 
g for mercury Cool to ≤6 °C 

180 days to analysis 
except mercury, 
28 days for mercury 
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MATRIX ANALYTICAL 
GROUP 

ANALYTICAL AND 
PREP ARATION 
METHOD/ SOP 
REFERENCE (1) 

CONTAINERS  

(number, size, 
and type) 

S AMPLE 
VOLUME 

(units) 

PRESERVATION 
REQUIREMENTS 

(chemical, 
temperature, light 

protected) 

MAXIMUM 
HOLDING TIME 

(preparation/ 
analysis) 

Groundwater and 
aqueous QC samples Cyanide 

SW-846 9012A,  
Empirical SOP-164/175 

One 250-mL 
plastic bottle 50 mL 

Sodium hydroxide 
(NaOH) to a pH > 12; 
Cool to ≤6 °C 

14 days to analysis 

Soil and sediment Cyanide 
SW-846 9012A,  
Empirical SOP-164 

One 4-oz glass 
jar 5 g Cool to ≤6 °C 14 days to analysis 

Aqueous QC samples Dioxins/ Furans 
SW-846 8290A,  
CFA CF-OA-E-001, 
CF-OA-E-002 

Two 1-L glass 
amber bottles 1,000 mL Cool to ≤6 °C 

30 days for 
extraction, 45 days 
for analysis 

Soil and sediment Dioxins/ Furans 
SW-846 8290A,  
CFA CF-OA-E-001, 
CF-OA-E-002 

One 8-oz glass 
jar with Teflon®-
lined lid  

30 g Cool to ≤6 °C 
30 days for 
extraction, 45 days 
for analysis 

Sediment TOC 
Lloyd Kahn,  
Empirical SOP-221 

One 4-oz glass 
jar 30 g Cool to ≤6 °C 14 days to analysis 

 
Notes: 
 
1 Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet No.23). 
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SAP Worksheet No. 20 -- Field Quality Control Sample Summary Table 
(UFP-QAPP Manual Section 3.1.1) 
 

Matrix Analytical 
Group 

No. of 
Sampling 
Locations 

No. of 
Field 

Duplicates 

No. of 
MS/MSDs1 

No. of 
Equip. 
Blanks 

No. of 
Trip 

Blanks 

Total No. of 
Samples to 

Lab 

Soil 

VOCs 12 2 2/2 1 1 16 
SVOCs/Low 
Level PAHs 30 4 3/3 2 NA 36 
PCBs 26 4 3/3 2 NA 32 
Pesticides 26 4 3/3 2 NA 32 
Metals/Cyanide 26 4 3/3 2 NA 32 
Dioxins/Furans 11 2 1/1 1 NA 14 

Sediment 

SVOCs/Low 
Level PAHs 8 1 1/1         0 NA 9 

Pesticides 8 1 1/1 0 NA 9 
PCBs 8 1 1/1 0 NA 9 
Metals/Cyanide 8 1 1/1 0 NA 9 
TOC 8 1 1/1 0 NA 9 
Dioxins/Furans 2 1 1/1 0 NA           3 

Groundwater 

VOCs 3 1 1/1 1 1 6 
SVOCs/Low 
Level PAHs 3 1 1/1 1 NA 5 

PCBs 3 1 1/1 1 NA 5 
Pesticides 3 1 1/1 1 NA 5 
Total 
Metals/Cyanide           3 1 1/1  1 NA 5 

Dissolved Metals 0 Minimum, 
3 Maximum 1 1/1 12 NA           5 

 

1 Although the MS/MSD is not typically considered a field QC, it is included here because location determination is often established in the field.  The MS/MSD are 
not included in the Total No. of Samples sent to the Lab.  For Total and Dissolved Metals, an MD will be collected in place of an MSD. 

2  The equipment blank for the Dissolved Metals, if collected, will be obtained by passing rinse water through a 0.45-micron filter.  

         
The quantities identified above are for the initial screening sampling event.  Additional samples may be required, but cannot be quantified at this time.  
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SAP Worksheet No. 21 -- Project Sampling SOP References Table 
(UFP-QAPP Manual Section 3.1.2) 
 

Reference 
Number 

Title, Revision Date and/or 
Number  

Originating 
Organization of 
Sampling SOP 

Equipment Type 
Modified for 

Project Work? 
(Y/N) 

Comments 

SOP-01 Global Positioning System, 12/10 Rev. 0 Tetra Tech GPS unit Y (project-specific) Contained in Appendix A 
SOP-02 Sample Labeling, 12/10, Rev. 0 Tetra Tech NA Y (project-specific) Contained in Appendix A 
SOP-03 Sample Identification Nomenclature, 02/11 , Rev. 

1 
Tetra Tech NA Y (project-specific) Contained in Appendix A 

SOP-04 Sample Custody and Documentation of Field 
Activities, ,02/11 Rev. 1 

Tetra Tech Field logbook, sample log sheets, 
boring logs 

Y (project-specific) Contained in Appendix A 

SOP-05 Sample Preservation, Packaging, and Shipping, , 
Rev. 0 

Tetra Tech NA Y (project-specific) Contained in Appendix A 

SOP-06 Decontamination of Field Sampling Equipment, 
12/10, Rev. 0 

Tetra Tech Decontamination equipment, scrub 
brushes, 5-gallon buckets, spray 
bottles, phosphate free detergent, 
deionized water 

Y (project-specific) Contained in Appendix A 

SOP-07 Soil Coring and Sampling Using Hand Auger 
Techniques, 02/11, Rev. 1 

Tetra Tech Stainless steel auger bucket, 
extension rods, and T-handle 

Y (project-specific) Contained in Appendix A 

SOP-08 Soil Sample Logging, 12/10, Rev. 0 Tetra Tech NA Y (project-specific) Contained in Appendix A 
SOP-09 Sediment Sampling, 02/11, Rev. 1 Tetra Tech Stainless steel or disposable trowels Y (project-specific) Contained in Appendix A 
SOP-10 Management of Investigation-Derived Waste, 

12/10, Rev. 0 
Tetra Tech NA Y (project-specific) Contained in Appendix A 

SOP-11 Subsurface Soil and Groundwater Sampling 
Using Direct-Push Technology, 12/10, Rev. 0 

Tetra Tech DPT Rig Y (project-specific) Contained in Appendix A 

SOP-12 Monitoring Well Installation, 12/10, Rev. 0 Tetra Tech NA Y (project-specific)  
SOP-13 Monitoring Well Development, 12/10, Rev. 0 Tetra Tech NA Y (project-specific) Contained in Appendix A 

SOP-14 Measurement of Water Levels, 12/10, Rev. 0 Tetra Tech NA Y (project-specific) Contained in Appendix A 

SOP-15 Low-Flow Well Purging and Stabilization, 12/10, 
Rev. 0 

Tetra Tech NA Y (project-specific) Contained in Appendix A 

SOP-16 Monitoring Well Sampling, 12/10, Rev. 0 Tetra Tech NA Y (project-specific) Contained in Appendix A 
SOP-17 Calibration and Care of Water Quality Meters, 

12/10, Rev. 0 
Tetra Tech Multi-parameter water quality meter, 

such as a Horiba U-22 
Y (project-specific) Contained in Appendix A 
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SAP Worksheet No. 22 -- Field Equipment Calibration, Maintenance, Testing, and Inspection Table 
(UFP-QAPP Manual Section 3.1.2.4) 
 

FIELD 
EQUIPMENT ACTIVITY1 FREQUENCY ACCEPTANCE 

CRITERIA 
CORRECTIVE 
ACTION (CA) 

RESPONSIBLE 
PERSON 

SOP 
REFERENCE2 COMMENTS 

Water Quality Meter 
(YSI 600 Series or 
Equivalent) 

Visual 
Inspection 
 
Calibration/ 
Verification  

Daily 
 
Beginning and 
end of day 

Manufacturer’s 
guidance  

Operator 
correction or 
replacement  

Tetra Tech FOL 
or designee 

GH-2.8, SA-1.1, 
SA-1.2, 
Manufacturer’s 
Guidance Manual 

None. 

Turbidity Meter 
(LaMotte 2020 or 
equivalent) 

Visual 
Inspection 
 
Calibration/ 
Verification  

Daily 
 
 
Beginning and 
end of day 

Manufacturer’s 
guidance; 
calibrations must 
bracket expected 
values; Initial 
Calibration 
Verification (ICV) 
must be <5 
Nephelometric 
Turbidity Units 
(NTUs).  

Operator 
correction or 
replacement  

Tetra Tech FOL 
or designee 

Manufacturer’s 
Guidance Manual 

To be used to 
determine the 
need to collect 
Dissolved 
Metals 
samples (if >5 
NTUs). 

Electric Water Level 
Indicator and 
Oil/Water Interface 
Probe 

Visual 
Inspection 
 
Field checks as 
per 
manufacturer  

Daily 
 
 
Once upon 
receiving from 
vendor 

0.01 foot 
accuracy  

Operator 
correction or 
replacement  

Tetra Tech FOL 
or designee 

GH-1.2, 
Manufacturer’s 
Guidance Manual 

None. 

Photoionization 
Detector 

Visual 
Inspection 
 
Calibration/ 
Verification 

Daily 
 
Beginning and 
end of day 

Manufacturer’s 
Guidance 

Operator 
correction or 
replacement 

Tetra Tech FOL 
or designee 

SA-1.1, SA-1.2, 
SA-1.3, GH-1.2, 
GH-1.3, GH-1.5, 
GH-2.8, 
Manufacturer’s 
Guidance Manual 

To be used to 
determine the 
soil boring 
depth that is 
most impacted 
for biased 
sample 
collection. 

 
Notes: 
 
1 Activities may include: calibration, verification, testing, maintenance, and/or inspection. 
2 Specify the appropriate reference letter or number from the Project Sampling SOP References table (Worksheet No.21). 
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SAP Worksheet No. 23 – Analytical SOP References Table 
(UFP-QAPP Manual Section 3.2.1) 
 

LAB SOP 
NUMBER 

TITLE, REVISION DATE,  
AND/OR NUMBER 

DEFINITIVE 
OR 

SCREENING 
DATA 

MATRIX AND 
ANALYTICAL 

GROUP 
INSTRUMENT 

ORGANIZATION 
PERFORMING 

ANALYSIS 

MODIFIED 
FOR 

PROJECT 
WORK? 

(Y/N) 

Empirical 
SOP-100 

Metals Digestion/ Preparation, Methods 
3005A/ USEPA CLP ILMO 4.1 
Aqueous, 3010A, 3030C, 3050B, 
USEPA CLP ILMO 4.1 (Soil/Sediment), 
200.7,  Standard Methods 3030C 
(Revision 21, 09/21/10) 

Definitive 

Soil, sediment, 
groundwater, and 
aqueous QC 
samples/ Metals 
Digestion 

NA/Preparation Empirical N 

Empirical 
SOP-103 

Mercury Analysis in Water by Manual 
Cold Vapor Technique, Methods 
USEPA SW846 7470A and 245.1, CLP-
M 4.1 (Revision 18, 04/11/10) 

Definitive 
Groundwater, and 
aqueous QC 
samples/ Mercury 

Flow Injection 
Mercury Analyzer Empirical N 

Empirical 
SOP-104 

Mercury Analysis in Soil/Sediment by 
Manual Cold Vapor Technique, 
Methods SW846 7471A, 7471B, 245.5, 
and CLP-ILM 4.1 (Revision 19, 
04/11/10) 

Definitive Soil and sediment/ 
Mercury 

Flow Injection 
Mercury Analyzer Empirical N 

Empirical 
SOP-105 

Metals by Inductively Coupled Plasma-
Atomic Emission Spectroscopy 
(ICP-AES) Technique, SW-846 
Methods 6010B, 6010C, USEPA 
Method 200.7, Standard Methods 19th 
Edition 2340B, USEPA CLP ILMO 4.1 
(Revision 16, 04/11/10) 

Definitive 

Soil, sediment, 
groundwater, and 
aqueous QC 
samples/ Metals 

ICP-AES Empirical N 

Empirical 
SOP-164 

Distillation of Aqueous/Solid Samples 
for Cyanide, Total and Amenable,  
SW846 Method 9012A, USEPA 
Methods 335.1, 335.4, Standard 
Methods SM4500-CN C, G, 18th and 
19th ED/ USEPA CLP ILMO 4.1 
(Revision 15, 03/25/10) 

Definitive 

Soil, sediment, 
groundwater, and 
aqueous QC 
samples/ Cyanide 
Digestion 

NA/ Distillation Empirical N 
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LAB SOP 
NUMBER 

TITLE, REVISION DATE,  
AND/OR NUMBER 

DEFINITIVE 
OR 

SCREENING 
DATA 

MATRIX AND 
ANALYTICAL 

GROUP 
INSTRUMENT 

ORGANIZATION 
PERFORMING 

ANALYSIS 

MODIFIED 
FOR 

PROJECT 
WORK? 

(Y/N) 

Empirical 
SOP-175 

Post-Distillation Analysis for Cyanide by 
Lachat Flow Injection Analyzer, 
Methods 335.4, SW846 9012A, 
USEPA-CLP 4.1; Addendum for 
USEPA CLP ILM 05.2 Aqueous/Soil/ 
Sediment (Revision 11, 09/07/10) 

Definitive 

Soil, sediment, 
groundwater, and 
aqueous QC 
samples/ Cyanide 

Automated 
Ion Analyzer Empirical N 

Empirical 
SOP-201 

Gas Chromatography Mass 
Spectrometry (GC/MS) semivolatiles 
and Low-Concentration PAHs using 
USEPA Method 625 and SW846 
Method 8270C and 8270D, Including 
Appendix IX Compounds (Revision 20, 
04/26/10) 

Definitive 

Soil, sediment, 
groundwater, and 
aqueous QC 
samples/ SVOCs 

GC/MS Empirical N 

Empirical 
SOP-202 

GC/MS Volatiles using USEPA Method 
624 and SW846 Method 8260B, 
Including Appendix IX Compounds 
(Revision 23, 09/09/10) 

Definitive 

Soil, sediment, 
groundwater, and 
aqueous QC 
samples/ VOCs 

GC/MS Empirical N 

Empirical 
SOP-211 

Gas Chromatography/ Electron Capture 
Detector (GC/ECD) Organochlorine 
Pesticides/ PCBs using USEPA Method 
608608.2 or SW846 Method 
8081A/8082 or 8081B/8082A (Revision 
22, 07/07/10) 

Definitive 

Soil, sediment, 
groundwater, and 
aqueous QC 
samples/ PCBs 

GC/ECD Empirical N 

Empirical 
SOP-221 

TOC SM5310C, SW846 Method 
9060/9060A and Lloyd Kahn Method 
(Revision 9, 07/12/10) 

Definitive Sediment/ TOC   TOC Analyzer Empirical N 

Empirical 
SOP-225 

GC/MS Volatile Non-Aqueous Matrix 
Extraction using SW-846 Method 5035 
for 8260B Analysis (Revision 9, 
9/07/10) 

Definitive Soil and sediment/ 
VOCs Extraction GC/MS Empirical N 

Empirical 
SOP-300 

GC/MS- Semivolatile BNA-Aqueous 
Matrix Extraction using SW-846 Method 
3510C for 8270/625 Analysis (Revision 
18, 04/26/10) 

Definitive 

Groundwater, and 
aqueous QC 
samples/ SVOCs 
Extraction 

NA/ Extraction Empirical N 
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LAB SOP 
NUMBER 

TITLE, REVISION DATE,  
AND/OR NUMBER 

DEFINITIVE 
OR 

SCREENING 
DATA 

MATRIX AND 
ANALYTICAL 

GROUP 
INSTRUMENT 

ORGANIZATION 
PERFORMING 

ANALYSIS 

MODIFIED 
FOR 

PROJECT 
WORK? 

(Y/N) 

Empirical 
SOP-302 

Pesticide/PCBs, Aqueous Matrix 
Extraction for USEPA 608/608.2 and 
SW846 Method 8081A/8082 Using 
SW846 Method 3510C (Revision 17, 
04/26/10) 

Definitive 

Groundwater, and 
aqueous QC 
samples/ PCBs 
Extraction 

NA/ Extraction Empirical N 

Empirical 
SOP-343 

BNA, Pesticides/PCBs, and TPH non-
Aqueous Matrix (Microwave Extraction) 
using SW-846 3546 (Revision 01, 
09/09/10) 

Definitive 
 

Soil and sediment/ 
SVOCs and PCBs 
Extraction 

NA/ Extraction  Empirical N 

Empirical 
SOP-QS-10 

Laboratory Sample Receiving Log-in 
and Storage Standard Operating 
Procedures (Revision 14, 09/07/10) 

NA Log-in NA/ Log-in Empirical  N 

Empirical 
SOP-QS-14 

Analytical Laboratory Waste Disposal 
(Revision 6, 08/31/10) Definitive Disposal NA / Disposal Empirical  N 

CFA  
CF-OA-E-001 

SOP for Dioxin/ Furan/ PCB Congener 
Sample Processing (Revision 2, 
February 2010) (not in Appendix B) 

Definitive 

Soil, sediment, 
groundwater, and 
aqueous QC 
samples/ 
Dioxins/Furans  

NA/ Extraction CFA N 

CFA  
CF-OA-E-002 

Standard Operating Procedure for the 
Analysis of Polychlorinated Dibenzo-p-
Dioxins and Polychlorinated 
Dibenzofurans using High Resolution 
GC/MS (USEPA SW-846 Method 8290, 
USEPA Method 1613B, USEPA SW-
846 Method 0023A) (Revision 4, 
September 2009) (not in Appendix B) 

Definitive 

Soil, sediment, 
groundwater, and 
aqueous QC 
samples/ 
Dioxins/Furans 

High Resolution 
GC/MS CFA N 

CFA 
CF-SR-E-001 

Sample Receipt, Login, and Storage 
(not in Appendix B) Definitive Log-in NA/ Log-in CFA N 

CFA 
CF-LB-G-001 

Laboratory Waste Management Plan 
(not in Appendix B) Definitive Disposal NA/ Disposal CFA N 

 
Copies of laboratory SOPs listed are included in Appendix B, except for proprietary SOPs, which are noted as not included, but are available for 

review. 



Project-Specific SAP Title: SAP for SWMU 11 RFI 
Site Name/Project Name: NSA Crane Date: March 2011 
Site Location: Crane, Indiana  

 

121001 (Worksheet No. 24) Page 107 of 147 CTO F27E 

SAP Worksheet No. 24 – Analytical Instrument Calibration Table  
(UFP-QAPP Manual Section 3.2.2) 
 

Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria CA 

Person 
Responsible 

for CA 

SOP 
Reference 

GC/MS 
VOCs 
 

Bromofluoro-
benzene (BFB) 
Tune 

Prior to each 
Initial Calibration 
(ICAL) and at the 
beginning of each 
12-hour period. 

Must meet the ion abundance criteria 
required by the method (SW8260B; 
Section 7.3.1; Table 4). 

Retune and/or clean or 
replace source. No samples 
may be accepted without a 
valid tune. 

Analyst/ 
Supervisor 

Empirical  
SOP-202 
 
 

ICAL – a 
minimum of a 
5-point 
calibration is 
prepared for all 
target analytes 

Upon instrument 
receipt, for major 
instrument 
changes, or when 
continuing 
calibration 
verification (CCV) 
does not meet 
criteria. 

The average response factor (RF) for 
System Performance Check Compound 
(SPCCs) must be ≥ 0.30 for chlorobenzene 
and 1,1,2,2-tetrachloroethane, ≥ 0.1 for 
chloromethane, bromoform, and 
1,1-dichloroethane.  The percent relative 
standard deviation (%RSD) for RFs for 
calibration check compounds (CCCs) must 
be ≤ 30%; and %RSD for each target 
analyte must be ≤ 15%, or the linear 
regression correlation coefficient (r) must be 
≥ 0.995; or the coefficient of determination 
(r2) must be ≥ 0.99 (6 points are required for 
second order). 

Correct problem then repeat 
ICAL.  No samples may be 
run until ICAL has passed. 

Analyst/ 
Supervisor 

Retention Time 
(RT) Window 
Position 
Establishment 

Once per ICAL for 
each analyte and 
surrogate. 

Position shall be set using the midpoint 
standard of the ICAL curve when ICAL is 
performed.  On days when ICAL is not 
performed, the initial CCV is used. 

NA. Analyst / 
Supervisor 

Evaluation of 
Relative 
Retention Times 
(RRTs) 

With each 
sample. 

RRT of each target analyte must be within 
± 0.006 RRT units. 

Correct problem, then rerun 
ICAL. 

Analyst / 
Supervisor 

Initial Calibration 
Verification 
(ICV) – Second 
Source 

Once after each 
ICAL, prior to 
beginning a 
sample run. 

The percent recovery (%R) for all target 
analytes must be within 80-120% of true 
values. 

Correct problem and verify 
ICV.  If that fails, correct 
problem and repeat ICAL.  
No samples may be run until 
ICV has been verified. 

Analyst/ 
Supervisor 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria CA 

Person 
Responsible 

for CA 

SOP 
Reference 

GC/MS 
VOCs 
(continued) 

CCV 
 

Perform one per 
12-hour analysis 
period after tune 
and before 
sample analysis. 

The minimum RF for SPCCs must be ≥ 
0.30 for chlorobenzene and 
1,1,2,2-tetrachloroethane, ≥ 0.1 for 
chloromethane, bromoform, and 
1,1-dichloroethane.  The percent 
difference or percent drift (%D) for all 
target analytes and surrogates must be 
≤ 20%. 

Correct problem and rerun 
CCV.  If that fails, repeat 
ICAL and reanalyze all 
samples analyzed since the 
last successful CCV. 

Analyst/ 
Supervisor 

Empirical  
SOP-202 

GC/MS 
SVOCs and 
Low Level 
PAHs 

Tune 
Verification – 
decafluoro-
triphenyl-
phosphine 
(DFTPP) 

Prior to each 
ICAL and at the 
beginning of each 
12-hour analytical 
sequence. 

Must meet the ion abundance criteria 
required by the method (SW8270D; 
Section 7.3.1; Table 3), 
dichlorodiphenyltrichloroethane (DDT) 
degradation ≤20% (exclusion for LOW 
PAH analysis). 

Retune and/or clean or 
replace source. No samples 
may be accepted without a 
valid tune. 

Analyst/ 
Supervisor 

Empirical  
SOP-201 

Breakdown 
Check (DDT 
only) 

At the beginning 
of each 12-hour 
analytical 
sequence. 

The degradation must be ≤ 20% for DDT 
to verify inertness of the injection port. 

Correct the problem then 
repeat breakdown check.  No 
samples shall be run until 
degradation is ≤20% for DDT. 

Analyst/ 
Supervisor 

ICAL – A 
minimum of a 5-
point calibration 
is prepared for 
all target 
analytes 

Upon instrument 
receipt, 
instrument 
change (new 
column, source 
cleaning, etc.), 
when CCV is out 
of criteria.   

The average RF for SPCCs must be ≥ 
0.050.  The %RSD for RFs for CCCs 
must be ≤ 30%; and %RSD for each 
target analyte must be ≤ 15%, or r must 
be ≥ 0.995; or r2 must be ≥ 0.99 
(minimum of 6 points required for second 
order). 

Correct problem then repeat 
ICAL.  No samples may be 
run until ICAL has passed. 

Analyst/ 
Supervisor 

ICV – Second 
Source 

Perform after 
each ICAL, prior 
to beginning a 
sample run. 

The %R of all target analytes must be 
within 75-125% of the true value. 
SPCC RFs must be ≥ 0.050; 
CCCs must be ≤ 20%D. 
 

Correct problem and verify 
ICV.  If that fails, correct 
problem and repeat ICAL.  
No samples may be run until 
ICV has been verified. 

Analyst/ 
Supervisor 

RT Window 
Position 
Establishment 

Once per ICAL for 
each analyte and 
surrogate. 

Position shall be set using the midpoint 
standard of the ICAL curve when ICAL is 
performed.  On days when ICAL is not 
performed, the initial CCV is used. 

NA. Analyst / 
Supervisor 

Evaluation of 
RTs 

With each 
sample. 

RT of each target analyte must be within 
± 0.006 RRT units. 

Correct problem, then rerun 
ICAL. 

Analyst / 
Supervisor 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria CA 

Person 
Responsible 

for CA 

SOP 
Reference 

GC/MS 
SVOCs and 
Low Level 
PAHs 
(continued) 

CCV Analyze a 
standard at the 
beginning of each 
12-hour shift after 
tune and before 
sample analysis. 

SPCC RFs must be ≥ 0.050; 
All target analytes and surrogates must 
be ≤ 20%D. 

If %D is high and sample 
result is non detect (ND), 
qualify/narrate with project 
approval. If %D is low or 
project approval not received, 
reanalyze all samples since 
the last successful CCV. 

Analyst/ 
Supervisor 

Empirical  
SOP-201 

GC/ECD 
Pesticides 
 

Breakdown 
Check – 
Endrin/DDT 

At the beginning 
of each 12 hour 
period, prior to 
analysis of 
samples. 

The degradation must be ≤ 15% for both 
DDT and Endrin to verify the inertness of 
the injection port. 

Correct the problem then 
repeat breakdown check.  No 
samples shall be run until 
degradation is ≤15% for both 
DDT and Endrin. 

Analyst/ 
Supervisor 

Empirical  
SOP-211 
 

ICAL – A 
minimum of a 
5-point 
calibration of 
individual 
pesticides, with 
a mid-point 
calibration of 
toxaphene and 
chlordane, is 
prepared for all 
target analytes 
 

Upon instrument 
receipt, major 
instrument 
change, or when 
the CCV does not 
meet criteria, prior 
to sample 
analysis. 

The % RSD for RFs for each target 
analyte must be ≤ 20%, or r must be ≥ 
0.995, or r2 must be ≥ 0.99 (minimum of 6 
points required for second order). 

Correct problem and repeat 
ICAL.  If a single-point 
calibration for toxaphene or 
chlordane is used and 
toxaphene or chlordane is 
identified in analysis of a 
sample, a minimum of a 
5-point ICAL of the identified 
compound with reanalysis of 
sample must be performed.  
No samples may be run until 
ICAL has passed. 

Analyst/ 
Supervisor 

ICV – Second 
Source 

Once after each 
ICAL prior to 
sample analysis. 

The %R of all target analytes must be 
within 80-120% of true value. 

Correct problem and verify 
ICV.  If that fails, correct 
problem and repeat ICAL.  
No samples may be run until 
ICV has been verified. 

Analyst/ 
Supervisor 

CCV Analyze standard 
at the beginning 
and end of 
sequence and 
after every 
10 samples. 

The %D of all target analytes must be 
≤20%. 

If %D is high and sample 
result is nondetect, 
qualify/narrate with project 
approval. If %D is low or 
project approval not received, 
reanalyze all samples since 
the last successful CCV. 

Analyst/ 
Supervisor 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria CA 

Person 
Responsible 

for CA 

SOP 
Reference 

GC/ECD 
PCBs  

ICAL - A 
minimum of a 5-
point calibration 
of Aroclor 1660 
(1016/1260 
mixture) is 
prepared 

Upon instrument 
receipt, major 
instrument 
change, when 
CCV does not 
meet criteria. 

Option 1:  %RSD must be ≤20% for 
Aroclor 1016/1260.  If not met, Option 2: r 
must be ≥ 0.995; or Option 3: r 2 must be 
≥ 0.99 for 6-point calibration.  Mid-point 
calibration of other Aroclors – if an Aroclor 
is detected in a sample, a minimum of 
5-point ICAL must be performed and meet 
the above criteria. 

Correct problem then repeat 
ICAL.  No samples may be 
run until ICAL has passed. 

Analyst/ 
Supervisor 

Empirical  
SOP-211 

ICV – Second 
Source 

Once after each 
ICAL prior to 
sample analysis. 

The %R of all target analytes must be 
within 80-120% of true value. 

Correct problem and verify 
ICV.  If that fails, correct 
problem and repeat ICAL.  
No samples may be run until 
ICV has been verified. 

Analyst/ 
Supervisor 

CCV Analyze standard 
at the beginning 
and end of 
sequence and 
after every 10 
samples. 

The %D of all target analytes must be 
≤20%. 

If %D is high and sample 
result is ND, qualify/narrate 
with project approval. If %D 
is low or project approval not 
received, reanalyze all 
samples since the last 
successful CCV. 

Analyst/ 
Supervisor 

ICP-AES 
Metals 
 

ICAL - a 1-point 
calibration per 
manufacturer's 
guidelines is 
prepared for all 
target analytes 

At the beginning 
of each day, or if 
the QC is out of 
criteria, prior to 
sample analysis. 

None; only one high standard and a 
calibration blank must be analyzed.  If 
more than one calibration standard is 
used, r must be ≥ 0.995. 

Recalibrate and/or perform 
the necessary equipment 
maintenance.  Check the 
calibration standards.  
Reanalyze the affected data. 

Analyst/ 
Supervisor 

Empirical  
SOP-
100/105 
 

ICV – Second 
Source 

Following ICAL, 
prior to the 
analysis of 
samples. 

The %R of all target analytes must be 
within 90-110% of true value. 

Investigate reasons for 
failure, reanalyze once. If still 
unacceptable, correct 
problem and repeat ICAL. 

Analyst/ 
Supervisor 

CCV At the beginning 
and end of the 
sequence and 
after every 
10 samples. 

The %R of all target analytes must be 
within 90-110% of true value. 

Recalibrate and/or perform 
the necessary equipment 
maintenance.  Check the 
calibration standards.  
Reanalyze all affected 
samples. 

Analyst/ 
Supervisor 

Initial Calibration 
Blank (ICB) 

Before beginning 
a sample 
sequence. 

No target analytes detected > LOD. Correct the problem, then 
re-prepare and reanalyze. 

Analyst / 
Supervisor 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria CA 

Person 
Responsible 

for CA 

SOP 
Reference 

Continuing 
Calibration 
Blank (CCB) 

After the initial 
CCV, after every 
10 samples, and 
at the end of the 
sequence. 

No target analytes detected > LOD. Correct the problem, then 
re-prepare and reanalyze 
calibration blank and all 
affected samples. 

Analyst / 
Supervisor 

Low-Level 
Check Standard 
(if using 1-point 
ICAL) 

Daily after 1-point 
ICAL and before 
samples. 

The %R of all target analytes must be 
within 80-120% of true value. 

Investigate and perform 
necessary equipment 
maintenance. Recalibrate 
and reanalyze all affected 
samples. 

Analyst / 
Supervisor  

Interference 
Check 
Standards (ICS 
– ICS A and ICS 
B) 

At the beginning 
of an analytical 
run. 

The absolute value of ICS A recoveries 
for non-spiked analytes must be < LOD; 
and ICS B recoveries must be within 80-
120 %R of true value. 

Terminate analysis; locate 
and correct problem; 
reanalyze ICS. 

Analyst / 
Supervisor 

Mercury 
Analyzer 
Mercury 

ICAL – A 
minimum of a 5-
point calibration 
is prepared 

Perform daily 
prior to sample 
analysis. 

The %RSD for RFs must be ≤ 20%, or r 
must be ≥ 0.995. 

Correct problem then repeat 
ICAL.  No samples may be 
run until ICAL has passed.  

Analyst/ 
Supervisor 

Empirical  
SOP-
103/104 

ICB Before beginning 
a sample 
sequence. 

No mercury detected > LOD. Correct problem, then re-
prepare and reanalyze. 

Analyst / 
Supervisor 

ICV - Second 
Source 

Once after each 
ICAL and prior to 
sample analysis 

The %R must be within 90-110% of the 
true value. 

Correct problem and verify 
ICV.  If that fails, correct 
problem and repeat ICAL.  
No samples may be run until 
ICV has been verified. 

Analyst / 
Supervisor  

CCB After each CCV, 
after every 10 
samples, and at 
the end of the 
sequence 

No mercury detected > LOD. Investigate source of 
contamination, rerun any 
samples not bracketed by 
passing blanks. 

Analyst / 
Supervisor 

CCV At beginning and 
end of each run 
sequence and 
every 10 samples. 

The %R must be within 80-120% of the 
true value. 

Correct problem and rerun 
CCV.  If that fails, repeat 
ICAL and reanalyze all 
samples analyzed since the 
last successful CCV. 

Analyst / 
Supervisor  
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria CA 

Person 
Responsible 

for CA 

SOP 
Reference 

CCV 
(undistilled) 

CCV (undistilled) 
at the beginning 
and end of each 
run sequence and 
after every 10 
samples. 

The %R must be within 90-100% of true 
value. 

If the CCV (undistilled) fails 
high, report samples that are 
<LOQ.  Recalibrate and/or 
reanalyze samples back to 
last acceptable CCV. 

Analyst / 
Supervisor  

Lachat 
Cyanide 

ICAL– A 
minimum of a 
6-point 
calibration is 
prepared 

Perform daily 
prior to sample 
analysis. 

r must be ≥ 0.995.  All calibration 
standards must be distilled if samples are 
expected to contain sulfides. 

Correct problem then repeat 
ICAL.  No samples may be 
run until ICAL has passed.  

Analyst, 
Supervisor 

Empirical 
SOP-
164/175 

ICV – Second 
Source 

At the start of 
every sequence 
prepared fresh 
daily (undistilled), 
prior to sample 
analysis. 

The %R must be within 85-115% of true 
value. 

Correct problem and verify 
ICV.  If that fails, correct 
problem and repeat ICAL.  
No samples may be run until 
ICV has been verified. 

Analyst, 
Supervisor 

ICB  After the ICV 
(undistilled). 

Must be < LOQ for the target analyte. Determine source of 
contamination, correct 
problem, and restart 
sequence. 

Analyst, 
Supervisor 

CCV Every 10 samples 
(undistilled). 

The %R must be within 85-115% of true 
value. 

Correct problem and rerun 
CCV.  If that fails, repeat 
ICAL and reanalyze all 
samples analyzed since the 
last successful CCV. 

Analyst, 
Supervisor 

ICV (distilled, 
high and low) 

Once per ICAL. The %R must be within 85-115% of true 
value. 

Determine cause for failure, 
correct problem, and redistill 
standards. 

Analyst, 
Supervisor 

High 
Resolution 
GC/MS 
Dioxins/ 
Furans 
 

Tune / Mass 
Resolution 
Check 

At the beginning 
and the end of 
each 12-hour 
period of analysis. 

Static resolving power must be ≥ 10,000 
(10% valley) for identified masses per 
method and lock-mass ion between 
lowest and highest masses for each 
descriptor and level of reference must be 
≤ 10% full-scale deflection. 

Retune instrument and verify.   
Assess data for impact.  If 
end resolution is less than 
10,000, narrate or re-inject, 
as necessary. 

Analyst, 
Supervisor 

CFA 
CF-OA-E-
002 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria CA 

Person 
Responsible 

for CA 

SOP 
Reference 

GC Column 
Performance 
Check Solution 
(CPCS) 

Prior to ICAL or 
CCV.   

Peak separation between 2,3,7,8-TCDD 
and other TCDD isomers must result in a 
valley of ≤ 25% per method; and 
identification of all first and last eluters of 
the eight homologue retention time 
windows and documentation by labeling 
(F/L) on the chromatogram; and absolute 
retention times for switching from one 
homologous series to the next ≥ 10 
seconds for all components of the 
mixture. 

1) Readjust windows. 
2) Evaluate system. 
3) Perform maintenance. 
4) Reanalyze CPSM. 
5) No CA is necessary if 
2,3,7,8-TCDD is not detected 
and the % valley is greater 
than 25%. 

Analyst, 
Supervisor 

ICAL – a 
minimum of a 
5-point 
calibration is 
prepared for all 
target analytes 

Prior to sample 
analysis, as 
needed by the 
failure of CCV, 
and when a new 
lot is used as a 
standard source.   

Ion abundance ratios must be within limits 
specified in SOP; and signal to noise ratio 
(S/N) must be ≥ 10:1 for all target analyte 
ions; and RSD must be ≤ 20% for RFs for 
all 17 unlabelled standards and 9 labeled 
ISs. 

Correct problem, then repeat 
ICAL.  No samples may be 
run until ICAL has passed.  

Analyst, 
Supervisor 

CCV At the beginning 
of each 12-hour 
period, and at the 
end of each 
analytical 
sequence. 

Ion abundance ratios must be in 
accordance with SOP; and RF (unlabelled 
standards) must be ≤ 20%D of average 
RF from ICAL; and RF (labeled 
standards) must be ≤ 30%D of average 
RF from ICAL. 

Correct problem, repeat 
CCV.  If CCV fails, repeat 
ICAL and reanalyze all 
samples analyzed since last 
successful CCV End of Run 
CCV:  If RF (unlabeled 
standards) >20%D and  
≤25%D and/or RF (labeled 
standards) >30%D and  
≤35%D of the average RF 
from ICAL, then use mean 
RF from bracketing CCVs to 
quantitate impacted samples 
instead of the ICAL mean RF 
value.  If bracketing CCVs 
differ by more than 25% RPD 
(unlabeled) or 35% RPD 
(labeled), then run a new 
ICAL within 2 hours, and re-
quantitate samples.  
Otherwise, reanalyze 
samples with positive 
detections. 

Analyst, 
Supervisor 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria CA 

Person 
Responsible 

for CA 

SOP 
Reference 

TOC 
Analyzer 
TOC 

ICAL – a 
minimum of a 
5-point 
calibration is 
prepared 

Upon instrument 
receipt, major 
instrument 
change, or when 
the CCV does not 
meet criteria. 

The RSD for RFs for the target analyte 
must be ≤ 20%, or r must be ≥ 0.995. 

Correct problem then repeat 
ICAL.  No samples may be 
run until ICAL has passed.  

Analyst, 
Department 
Manager 

Empirical 
SOP-221 

ICV – Second 
Source 

Once after each 
ICAL prior to 
sample analysis. 

The %R must be within 90-110% of true 
value. 

Correct problem and verify 
ICV.  If that fails, correct 
problem and repeat ICAL.  
No samples may be run until 
ICV has been verified. 

Analyst, 
Department 
Manager 

CCV Analyze standard 
at the beginning 
and end of 
sequence and 
after every 10 
samples. 

The %R must be within 90-110% of true 
value. 

Correct problem and rerun 
CCV.  If that fails, repeat 
ICAL and reanalyze all 
samples analyzed since the 
last successful CCV. 

Analyst, 
Department 
Manager 
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SAP Worksheet No. 25 – Analytical Instrument/Equipment Maintenance, Testing, and Inspection Table  
(UFP-QAPP Manual Section 3.2.3) 
    

 
Instrument/  
Equipment 

 
Maintenance Activity 

 
Testing 
Activity 

 
Inspection 

Activity 

 
Frequency 

 
Acceptance 

Criteria 

 
CA 

 
Responsible 

Person 

 
SOP 

Reference1 

GC/MS 

Check pressure and gas supply 
daily.  Bake out trap and column, 
change septa as needed, cut 
column as needed, change trap 
as needed.  Other maintenance 
specified in Equipment 
Maintenance SOP. 

VOCs/ 
SVOCs 
(Including 
Low Level 
PAHs) 

Ion source, 
injector liner, 
column, column 
flow, purge lines, 
purge flow, trap. 

Prior to ICAL 
and/or as 
necessary. 

Acceptable 
ICAL and CCV.   

Correct the problem and 
repeat ICAL or CCV. 

Analyst/ 
Supervisor 

Empirical  
SOP-201/202 

GC/ECD 

Check pressure and gas supply 
daily.  Bake out column, change 
septa and/or liner as needed, 
replace or cut column as 
needed.  Other maintenance 
specified in Equipment 
Maintenance SOP. 

Pesticides 
and  PCBs 

Injector liner, 
septa, column, 
column flow. 

Prior to ICAL 
and/or as 
necessary. 

Acceptable 
ICAL and CCV. 

If % D > 20% and 
samples are < LOD, 
narrate.  If %D > 20% 
only on one column, 
narrate.  If % D > 20% for 
closing CCV, and is likely 
due to matrix 
interference, narrate.  
Otherwise, reanalyze all 
samples since the last 
acceptable CCV. 

Analyst/ 
Supervisor  

Empirical  
SOP-211/329 

ICP-AES 

Clean the torch assembly and 
the spray chamber when they 
become discolored or when 
degradation in data quality is 
observed. Clean the nebulizer, 
and check the argon supply. 
Replace the peristaltic pump 
tubing as needed. 

Metals 
(Except 
Mercury) 

Inspect the torch, 
nebulizer 
chamber, pump, 
and tubing  
 

Prior to ICAL 
and as 
necessary. 

Acceptable 
ICAL and CCV.  

Correct the problem and 
repeat ICAL or CCV. 

Analyst/ 
Supervisor 

Empirical  
SOP-100/105 

Mercury 
Analyzer 

Replace peristaltic pump tubing, 
replace mercury lamp, replace 
drying tube, clean optical cell 
and/or clean liquid/gas 
separator as needed.  Other 
maintenance specified in 
Equipment Maintenance SOP. 

Mercury 
Inspect the 
tubing, filter, and 
the optical cell 

Prior to ICAL 
and as 
necessary. 

Acceptable 
ICAL and CCV.  

Correct the problem and 
repeat ICAL or CCV. 

Analyst/ 
Supervisor 

Empirical  
SOP-103/104 
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Instrument/  
Equipment 

 
Maintenance Activity 

 
Testing 
Activity 

 
Inspection 

Activity 
 

Frequency 
 

Acceptance 
Criteria 

 
CA 

 
Responsible 

Person 

 
SOP 

Reference1 

Lachat 

Check and clean segments 
weekly, clean reagent tubes 
monthly.  Change lamp, change 
diluent and wash tubes, change 
mixing paddles and syringes, 
and change dispensing needle, 
all as needed.  Other 
maintenance specified in 
laboratory Equipment 
Maintenance SOP. 

Cyanide Tubing and 
rollers. 

Prior to ICAL 
or as 
necessary. 

Acceptable 
ICAL and CCV. 

Recalibrate and/or 
perform necessary 
equipment maintenance. 
Reanalyze samples not 
bracketed by passing 
CCV. 

Analyst, 
Supervisor 
 

Empirical  
SOP-164/175 

High 
Resolution 
GC/MS 

Parameter Setup 

Dioxins/ 
Furans 

Physical check. 

Initially; prior 
to daily 
calibration 
check. 

Correct 
Parameters. Reset if incorrect. Analyst, 

Supervisor 
CFA  
CF-OA-E-002 

Tune Check Conformance to 
instrument tuning. 

Initially; prior 
to daily 
calibration 
check. 

Compliance to 
ion abundance 
criteria. 

Correct the problem and 
repeat tune check. 

Analyst, 
Supervisor 

TOC Analyzer  Replace sample tubing, clean 
sample boat, replace syringe. TOC Tubing, sample 

boat, syringe. As needed. 

Must meet 
ICAL and 
continuing 
calibration 
criteria. 

Repeat maintenance 
activity or remove from 
service. 

Analyst/ 
Supervisor 

Empirical  
SOP-221 

 
Notes:  
 
1 Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet No.23).  
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SAP Worksheet No. 26 -- Sample Handling System 
(UFP-QAPP Manual Appendix A) 
 
 

SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

Sample Collection (Personnel/Organization):  George Ten Eyck / Tetra Tech 

Sample Packaging (Personnel/Organization):  George Ten Eyck / Tetra Tech 

Coordination of Shipment (Personnel/Organization):  George Ten Eyck / Tetra Tech 

Type of Shipment/Carrier:  Overnight courier service (Federal Express) 

SAMPLE RECEIPT AND ANALYSIS 

Sample Receipt (Personnel/Organization):   Sample Custodians/ Empirical and CFA 

Sample Custody and Storage (Personnel/Organization):  Sample Custodians/ Empirical and CFA 

Sample Preparation (Personnel/Organization):  Extraction Laboratory, Metals Preparation Laboratory, Dioxins Preparation Laboratory / Empirical and CFA 

Sample Determinative Analysis (Personnel/Organization):  GC Laboratory, GC/MS Laboratory, Metals Laboratory, Dioxins Laboratory/ Empirical and CFA 

SAMPLE ARCHIVING 

Field Sample Storage (Number of days from sample collection):  60 days from receipt 

Sample Extract/Digestate Storage (number of days from extraction/digestion):  3 months from sample digestion/extraction 

Biological Sample Storage (Number of days from sample collection):  NA 

SAMPLE DISPOSAL 

Personnel/Organization:  Sample Custodians/ Empirical and CFA 
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SAP Worksheet No. 27 – Sample Custody Requirements Table  
(UFP-QAPP Manual Section 3.3.3) 
 
Field Sample Custody Procedures  

The laboratories will provide pre-preserved sample containers for sample collection.  Following sample 

collection into the appropriate bottle ware, all samples will be immediately placed on ice in a cooler.  

Glass sample containers will be enclosed in bubble-wrap in order to protect the bottle ware during 

shipment.  The cooler will be secured using strapping tape along with a signed custody seal.  Sample 

coolers will be delivered to a local courier location for priority overnight delivery to the selected laboratory 

for analysis.  Samples will be preserved as appropriate based on the analytical method.  Samples will be 

maintained at <6 °C until delivery to the laboratories.  Proper custody procedures will be followed 

throughout sample collection and handling. 

 

Chain-of-custody protocols will be used throughout sample handling to establish the evidentiary integrity 

of samples.  These protocols will be used to demonstrate that the samples were handled and transferred 

in a manner that would eliminate possible tampering.  Samples for the laboratory will be packaged and 

shipped in accordance with Tetra Tech SOP-05 (Appendix A).   

 

Chain-of-Custody Procedures 

After collection, each sample will be maintained in the sampler's custody until formally transferred to 

another party (e.g., Federal Express).  For all samples collected, chain-of-custody forms will document 

the date and time of sample collection, the sampler's name, and the names of all others who 

subsequently held custody of the sample.  Specifications for chemical analyses will also be documented 

on the chain-of-custody form.  Tetra Tech SOP-04 provides further details on the chain-of-custody 

procedure (Appendix A).  Chain-of-custody requirements are also documented with instructions contained 

in each shipment from the laboratories. 

 

Laboratory Sample Custody Procedures  

Chain-of-custody requirements are also documented with instructions contained in each shipment from 

the laboratory (Empirical SOP-QS-10 [Sample Receiving and Sample Storage] and CFA Sample Receipt, 

Login, and Storage SOP CF-SR-E-001), which are provided in Appendix B. 

Sample Designation System 

Each sample collected for analysis will be assigned a unique sample tracking number that will consist of a 

multi-segment alphanumeric code that identifies the site, sample location, sample type (sample medium 

or QC sample designation), sample location, and sample depth.  SOP-03 addresses sample identification 

nomenclature (Appendix A). 
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SAP Worksheet No. 28 -- Laboratory QC Samples Table 
(UFP-QAPP Manual Section 3.4) 
 

Matrix Soil, Sediment, 
Groundwater, and 
Aqueous QC 
Samples 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Group 

VOCs  
 

 
 

 
 

 
 

 
 

 Analytical 
Method /      
SOP Reference 

SW-846 8260B 
Empirical SOP-202 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

QC Sample Frequency / 
Number 

Method / SOP QC 
Acceptance Limits CA 

Person(s) 
Responsible 

for CA 
DQI 

Measurement 
Performance 

Criteria 

Method Blank 
One per preparatory 
batch of 20 or fewer 
samples 

All target analytes must be 
≤ ½ LOQ, except common 
lab contaminants, which 
must be < LOQ. 

Investigate source of contamination and rerun 
method blank prior to analysis of samples, if 
possible. 
 
Evaluate the samples and associated QC: if 
blank results are above LOQ, then report 
sample results that are <LOQ or >10X the blank 
concentration.  
 
Re-prepare and reanalyze blank and those 
samples that were >LOQ and <10X the blank. 

Analyst, 
Supervisor, Data 
Validator 

Bias/ Contamination Same as QC 
Acceptance Limits 

Laboratory Control 
Sample (LCS)/ 
Laboratory Control 
Sample Duplicate 
(LCSD) (not 
required) 

One per preparatory 
batch of 20 or fewer 
samples. 

%Rs must meet the DoD 
QSM Version 4.1 limits 
as per Appendix G of the 
DoD QSM. 
RPD must be ≤ 30% (for 
LCS/LCSD, if LCSD is 
performed). 

Evaluate and reanalyze if possible.  If an 
MS/MSD was performed in the same 12 hour 
clock and acceptable, then narrate.  If the LCS 
%Rs are high, but the sample results are <LOQ, 
then narrate.  Otherwise, re-prepare and 
reanalyze the LCS and associated samples. 

Analyst, 
Laboratory 
Department 
Manager, and 
Data Validator 

Accuracy/ Bias 
Precision also, if 
LCSD is analyzed 

Same as QC 
Acceptance Limits 

MS/MSD 

One per preparatory 
batch of 20 or fewer 
samples of similar 
matrix 

%Rs must meet the DoD 
Quality Systems Manual 
(QSM) Version 4.1 limits 
as per Appendix G of the 
DoD QSM. 
The RPD between MS and 
MSD should be ≤ 30%. 

CA will not be taken for samples when recoveries 
are outside limits and surrogate and LCS criteria 
are met unless RPDs indicate obvious extraction/ 
analysis difficulties, then re-prepare and 
reanalyze MS/MSD. 

Analyst, 
Supervisor, Data 
Validator 

Accuracy/ Bias/ 
Precision 

Same as QC 
Acceptance Limits 
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 Matrix Soil, Sediment, 

Groundwater, and 
Aqueous QC 
Samples 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Group 

VOCs  
 

 
 

 
 

 
 

 
 

Analytical 
Method /      
SOP Reference 

SW-846 8260B 
Empirical SOP-202 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

QC Sample Frequency / 
Number 

Method / SOP QC 
Acceptance Limits CA 

Person(s) 
Responsible 

for CA 
Data Quality 

Indicator (DQI) 

Measurement 
Performance 

Criteria 

Internal Standards 
(IS) 

Every field sample, 
standard, and QC 
sample - three per 
sample- 
Fluorobenzene 
Chlorobenzene-d5 
1,4-dichlorobezene-d4 

RTs must be within ± 30 
seconds and the response 
areas must be within -50% to 
+100% of the ICAL midpoint 
standard for each IS. 

Inspect mass spectrometer and gas 
chromatograph for malfunctions; mandatory 
reanalysis of samples analyzed while system 
was malfunctioning. 

Analyst, 
Supervisor, Data 
Validator 

Accuracy Same as QC 
Acceptance Limits 

Surrogates 

All field and QC 
samples - four per 
sample- 
Dibromofluoromethane  
1,2-dichloroethane-d4 
Toluene-d8 
BFB 

%Rs must meet the DoD QSM 
Version 4.1 limits as per 
Appendix G of the DoD QSM. 

If sample volume is available, then re-
prepare and reanalyze sample for 
confirmation of matrix interference when 
appropriate. 

Analyst, 
Supervisor, Data 
Validator 

Accuracy/ Bias Same as QC 
Acceptance Limits 

Results between 
DL and LOQ NA Apply “J” qualifier to results 

detected between DL and LOQ.  NA 
Analyst, 
Supervisor, Data 
Validator 

Accuracy Same as QC 
Acceptance Limits 
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 Matrix Soil, Sediment, 
Groundwater, and 
Aqueous QC 
Samples 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Group 

SVOCs and Low 
Level PAHs 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Method / SOP 
Reference 

SW-846 8270C,  
8270C-Low 
Empirical SOP-201 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

QC Sample Frequency / Number Method / SOP QC 
Acceptance Limits CA 

Person(s) 
Responsible 

for CA 
Data Quality 

Indicator (DQI) 
Measurement 
Performance 

Criteria 

Method Blank 
One per preparatory 
batch of 20 or fewer 
samples of similar matrix 

All target analytes must be ≤ ½ 
LOQ, except common lab 
contaminants, which must be < 
LOQ. 

Investigate source of contamination. 
Rerun method blank prior to analysis of 
samples if possible. Evaluate the 
samples and associated QC: if blank 
results are above RL, report sample 
results that are < RL or > 10X the blank 
concentration. Reanalyze blank and 
samples >RL and < 10X the blank. 

Analyst, Supervisor, 
Data Validator Bias/ Contamination Same as QC 

Acceptance Limits 

LCS 
One per preparatory 
batch of 20 or fewer 
samples of similar matrix 

%Rs must meet the DoD QSM 
Version 4.1 limits as per 
Appendix G of the DoD QSM 
(except low level PAHs that are 
provided in Appendix B). 

Evaluate and reanalyze if possible.  If an 
MS/MSD was performed in the same 
12-hour clock and is acceptable, then 
narrate.  If the LCS recoveries are high, 
but the sample results are <LOQ, then 
narrate.  Otherwise, re-prepare and 
reanalyze the LCS and associated 
samples. 

Analyst, Supervisor, 
Data Validator Accuracy/ Bias Same as QC 

Acceptance Limits 

MS/MSD 
One per preparatory 
batch of 20 or fewer 
samples of similar matrix 

%Rs must meet the DoD QSM 
Version 4.1 limits as per 
Appendix G of the DoD QSM 
(except low level PAHs that are 
provided in Appendix B). 
 
The RPD between MS and 
MSD should be ≤ 30%. 

CA will not be taken for samples when 
recoveries are outside limits and 
surrogate and LCS criteria are met, 
unless RPDs indicate obvious extraction/ 
analysis difficulties, then re-prepare and 
reanalyze MS/MSD. 

Analyst, Supervisor, 
Data Validator Accuracy/ Bias Same as QC 

Acceptance Limits 
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 Matrix Soil, Sediment, 

Groundwater, and 
Aqueous QC Samples 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Group 

SVOCs and Low Level 
PAHs 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Method / SOP 
Reference 

SW-846 8270C,  
8270C-Low/ Empirical 
SOP-201 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

QC Sample Frequency / Number Method / SOP QC Acceptance 
Limits CA 

Person(s) 
Responsible 

for CA 
Data Quality 

Indicator (DQI) 

Measurement 
Performance 

Criteria 

IS 

Every field sample, 
standard, and QC 
sample - six per sample  
1,4-Dichlorobenzene-d4 
Naphthalene-d8  
Acenaphthene-d10 
Phenanthrene-d10 
Chrysene-d12 
Perylene-d12  

RTs must be within ± 30 seconds 
and the response areas must be 
within -50% to +100% of the ICAL 
midpoint standard for each IS. 

Re-analyze affected samples. Analyst, Supervisor, 
Data Validator Accuracy Same as QC 

Acceptance Limits 

Surrogates 

All field and QC 
samples - six per 
sample 
 
2-Fluorophenol  
Phenol-d6  
Nitrobenzene-d5  
2-Fluorobiphenyl   
2,4,6-Tribromophenol 
Terphenyl-d14   

 

%Rs must meet the DoD QSM 
Version 4.1 limits as per Appendix 
G of the DoD QSM (except low level 
PAHs that are provided in Appendix 
B). 
 

(1) Check chromatogram for 
interference; if found, then flag 
data.  
 
(2) If not found, then check 
instrument performance; if 
problem is found, then correct 
and reanalyze sample. 
 
(3) If still out, then re-extract and 
reanalyze sample. 
 
(4) If reanalysis is out, then flag 
data. 

Analyst, Supervisor, 
Data Validator Accuracy/ Bias Same as QC 

Acceptance Limits 

Results between 
DL and LOQ NA Apply “J” qualifier to results detected 

between DL and LOQ.  NA Analyst, Supervisor, 
Data Validator Accuracy Same as QC 

Acceptance Limits  
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 Matrix 
Soil, Sediment, 
Groundwater, and 
Aqueous QC 
Samples 

 
 

 
 

 
 

 
 

 
 

 Analytical Group Pesticides/ 
PCBs 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Method / SOP 
Reference 

SW-846 8081B, 
8082A  
Empirical SOP-211 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

QC Sample Frequency / 
Number 

Method / SOP QC 
Acceptance Limits CA Person(s) Responsible 

for CA 
Data Quality 

Indicator (DQI) 

Measurement 
Performance 

Criteria 

Method Blank 

One per preparatory 
batch of 20 or fewer 
samples of similar 
matrix 

All target analytes must be 
≤ ½ LOQ. 

Investigate source of contamination.  
Evaluate the samples and associated 
QC: i.e., if the blank results are above 
the LOQ, then report sample results 
that are <LOQ or > 10X the blank 
concentration. 
 
Otherwise, re-prepare a blank and 
samples >LOQ and <10X LOQ. 

Analyst, Supervisor, Data 
Validator Bias/ Contamination Same as QC 

Acceptance Limits 

LCS 

One per preparatory 
batch of 20 or fewer 
samples of similar 
matrix 
 
Pesticide: Spike with 
single component 
pesticide mix 
PCB: Spike with Aroclor 
1016/1260 mix 

%Rs must meet the DoD 
QSM Version 4.1 limits as 
per Appendix G of the DoD 
QSM. 

If an MS/MSD was performed and is 
acceptable, then narrate.  If a LCS/ 
LCSD were performed and only one of 
the set was unacceptable, then 
narrate.  If the LCS recovery is high, 
but the sample results are <LOQ, then 
narrate.  Otherwise, re-extract blank 
and affected sample batch. 

Analyst, Supervisor, Data 
Validator Accuracy/ Bias Same as QC 

Acceptance Limits 

MS/MSD 

One per preparatory 
batch of 20 or fewer 
samples of similar 
matrix 
 
(spike same as LCS) 
 

%Rs must meet the DoD 
QSM Version 4.1 limits as 
per Appendix G of the DoD 
QSM.  
The RPD between MS and 
MSD should be ≤ 30%. 

Evaluate the samples and 
associated QC and if the LCS results 
are acceptable, then narrate. 
If both the LCS and MS/MSD are 
unacceptable, then re-prepare the 
samples and QC. 

Analyst, Supervisor, Data 
Validator 

Accuracy/ Bias/ 
Precision 

Same as QC 
Acceptance Limits 
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 Matrix 
Soil, Sediment, 
Groundwater, and 
Aqueous QC 
Samples 

 
 

 
 

 
 

 
 

 
 

 Analytical Group Pesticides/ 
PCBs 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Method / SOP 
Reference 

SW-846 8081B, 
8082A 
Empirical SOP-211 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

QC Sample Frequency / 
Number 

Method / SOP QC 
Acceptance Limits CA 

Person(s) 
Responsible 

for CA 
Data Quality 

Indicator (DQI) 

Measurement 
Performance 

Criteria 

Surrogates 

All field and QC 
samples - two per 
sample 
Tetrachloro-m-xylene 
Decachlorobiphenyl 

%Rs must meet the DoD QSM 
Version 4.1 limits as per 
Appendix G of the DoD QSM.  

No corrective will be taken when one 
surrogate is within criteria.  If surrogates 
recoveries are high and sample is <LOQ, 
then no CA is taken.  If surrogates 
recoveries are low, then the affected 
samples are re-extracted and 
reanalyzed. 

Analyst, Supervisor, 
Data Validator Accuracy/ Bias Same as QC 

Acceptance Limits 

Second Column 
Confirmation 

All positive results 
must be confirmed. 

Results between primary and 
second column must be RPD ≤ 
40%.  For Method 8082, report 
the higher of the two 
concentrations, unless there is 
interference. 

None.  Apply “J” flag if RPD >40% and 
discuss in the case narrative. 

Analyst, Supervisor, 
Data Validator Accuracy Same as QC 

Acceptance Limits 

Results between DL 
and LOQ NA Apply “J” qualifier to results 

between DL and LOQ.  NA Analyst, Supervisor, 
Data Validator Accuracy Same as QC 

Acceptance Limits 
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 Matrix Soil, Sediment, 
Groundwater, and 
Aqueous QC Samples 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Group 

Metals (Including 
Mercury), Total and 
Dissolved 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Method / SOP 
Reference 

SW-946 6010C, 7470A, 
7471A 
Empirical SOP-103, 
104, 105 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

QC Sample Frequency / Number Method / SOP QC 
Acceptance Limits CA 

Person(s) 
Responsible 

for CA 

Data Quality 
Indicator (DQI) 

Measurement 
Performance 

Criteria 

Method Blank 
One per preparatory batch 
of 20 or fewer samples of 
similar matrix 

All target analytes must be ≤ ½ 
LOQ, except common lab 
contaminants, which must be < 
LOQ. 

If the blank value > LOQ, then report 
sample results.  If the blank value < LOQ 
or > 10x the blank value, then redigest.  
If blank value is less than negative LOQ, 
then report sample results.  If > 10x the 
absolute value of the blank result, then 
redigest and reanalyze. 

Analyst, Supervisor, 
Data Validator Bias/ Contamination Same as QC 

Acceptance Limits 

LCS 
One per preparatory batch 
of 20 or fewer samples of 
similar matrix 

%R must be within 80-120% of 
true value. 

Evaluate and reanalyze, if possible.  If 
the LCS recoveries are high, but the 
sample results are < LOQ, then narrate.  
Otherwise, re-digest and reanalyze all 
associated samples for failed target 
analyte(s). 

Analyst, Supervisor, 
Data Validator Accuracy/ Bias Same as QC 

Acceptance Limits 

MS 
One per preparatory batch 
of 20 or fewer samples of 
similar matrix 

%R should be within 80-120% of 
true value (if sample is < 4x spike 
added). 

Flag results for affected analytes for all 
associated samples with “N”. 
 

Analyst, Supervisor, 
Data Validator Accuracy/ Bias Same as QC 

Acceptance Limits 

Sample  
Duplicate 

One per preparatory batch 
of 20 or fewer samples of 
similar matrix 

The RPD should be ≤ 20% for 
duplicate samples for both water 
and soils. 

Narrate any results that are outside 
control limits. 

Analyst, Supervisor, 
and Data Validator Precision 

Same as QC 
Acceptance Limits 

Serial Dilution 
(ICP Only) 

One per preparatory batch 
with sample 
concentration(s) >50x LOD 

The 5-fold dilution result must 
agree within ±10%D of the 
original sample result if result is 
>50x LOD. 

Perform post spike addition. 
 

Analyst, Supervisor, 
Data Validator Accuracy/ Bias Same as QC 

Acceptance Limits 
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 Matrix Soil, Sediment, 
Groundwater, and 
Aqueous QC Samples 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Group 

Metals (Including 
Mercury), Total and 
Dissolved 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Method / SOP 
Reference 

SW-946 6010C, 7470A, 
7471A 
Empirical SOP-103, 
104, 105 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

QC Sample Frequency / Number Method / SOP QC 
Acceptance Limits CA 

Person(s) 
Responsible 

for CA 
Data Quality 

Indicator (DQI) 

Measurement 
Performance 

Criteria 

Post Spike (ICP 
Only) 

One is performed when 
serial dilution fails or target 
analyte concentration(s) in 
all samples are < 50x LOD 

The %R must be within 75-125% 
of expected value to verify the 
absence of an interference.  
Spike addition should produce a 
concentration of 10-100x LOQ. 

Flag results for affected analytes for all 
associated samples with “J”. 

Analyst, Supervisor, 
Data Validator Accuracy/ Bias Same as QC 

Acceptance Limits 

Results between 
DL and LOQ NA Apply “J” qualifier to results 

between DL and LOQ.  NA Analyst, Supervisor, 
Data Validator Accuracy Same as QC 

Acceptance Limits 
 
 



Project-Specific SAP Title: SAP for SWMU 11 RFI 
Site Name/Project Name: NSA Crane Date: March 2011  
Site Location: Crane, Indiana  
 

121001 (Worksheet No. 28) Page 128 of 147 CTO F27E 

 
Matrix Soil, Sediment, 

Groundwater, and 
Aqueous QC Samples 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Group 

Cyanide  
 

 
 

 
 

 
 

 
 

 Analytical 
Method / SOP 
Reference 

SW-946 9010B, 9012A 
Empirical SOP-164, 175 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

QC Sample Frequency / Number Method / SOP QC 
Acceptance Limits CA 

Person(s) 
Responsible 

for CA 
Data Quality 

Indicator (DQI) 
Measurement 
Performance 

Criteria 

Method Blank 
One per preparatory batch 
of 20 or fewer samples of 
similar matrix 

Cyanide must be ≤ ½ LOQ. Stop analysis, correct problem, and 
recalibrate. 

Analyst, Supervisor, 
Data Validator Bias/ Contamination Same as QC 

Acceptance Limits 

LCS 
One per preparatory batch 
of 20 or fewer samples of 
similar matrix 

%Rs must meet the DoD QSM 
Version 4.1 limits as per 
Appendix G of the DoD QSM. 

Re-prepare and reanalyze the LCS and 
all associated samples. 

Analyst, Supervisor, 
Data Validator Accuracy/ Bias Same as QC 

Acceptance Limits 

MS 
One per preparatory batch 
of 20 or fewer samples of 
similar matrix 

%Rs must meet the DoD QSM 
Version 4.1 limits as per 
Appendix G of the DoD QSM. 

Flag data with an "N", unless recovery is 
> 4x the spike added; If the sample 
results exceed 4x the spike added, then 
spike the un-spiked aliquot of the sample 
at 2x the indigenous level or 2x the LOQ. 

Analyst, Supervisor, 
Data Validator Accuracy/ Bias Same as QC 

Acceptance Limits 

Sample 
Duplicate 

One per preparatory batch 
of 20 or fewer samples of 
similar matrix 

RPD should be ≤ 20%, if 
concentration is > 5x LOQ; or 
within ± the LOQ, if the 
concentration is < 5x LOQ. 

Flag data for associated samples with an 
"*”. 

Analyst, Supervisor, 
and Data Validator Precision 

Same as QC 
Acceptance Limits 
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Matrix Soil, Sediment, 
and Aqueous QC 
Samples 

 
 

 
 

 
 

 
 

 
 

 Analytical 
Group 

Dioxins/Furans  
 

 
 

 
 

 
 

 
 

 Analytical 
Method /      
SOP Reference 

SW-846 8290A/ 
CFA CF-OA-E-002 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

QC Sample Frequency / 
Number 

Method / SOP QC 
Acceptance Limits CA 

Person(s) 
Responsible 

for CA 

Data Quality 
Indicator (DQI) 

Measurement 
Performance 

Criteria 

Method Blank 
One per preparatory 
batch of 20 or fewer 
samples 

All target analytes must be 
≤ LOQ. 

Correct problem.  If required, re-prepare and 
reanalyze method blank and all samples 
processed with the contaminated blank. 
“Totals” are not considered “target analytes” – no 
CA or flagging is necessary for "totals". 

Analyst, 
Supervisor, Data 
Validator 

Bias/ Contamination 
Same as QC 
Acceptance Limits 

IS 
 

Every field sample, 
standard and QC 
sample 

The %R for each IS must 
be within 25-150%, per 
method. 

Correct problem, then re-prepare and reanalyze 
the samples with failed IS. 

Analyst, 
Supervisor, Data 
Validator 

Accuracy 
Same as QC 
Acceptance Limits 
 

LCS 

One per preparatory 
batch of 20 or fewer 
samples of similar 
matrix 

%Rs must meet the DoD 
QSM Version 4.1 limits as 
per Appendix G of the DoD 
QSM. 

Correct problem, then re-prepare and reanalyze 
the LCS and all samples in the associated 
preparatory batch for failed target analytes, if 
sufficient sample material is available. 

Analyst,  
Supervisor, Data 
Validator 

Accuracy/ Bias 
Same as QC 
Acceptance Limits 

MS/MSD 

One per preparatory 
batch of 20 or fewer 
samples of similar 
matrix 

%Rs must meet the DoD 
QSM Version 4.1 limits as 
per Appendix G of the DoD 
QSM. 
The RPD between MS and 
MSD should be ≤ 30%. 

Identify problem; if not related to matrix 
interference, re-extract and reanalyze MS/MSD 
and all associated batch samples in accordance 
with DoD QSM requirements. 

Analyst, 
Supervisor, Data 
Validator 

Accuracy/ Bias/ 
Precision 

Same as QC 
Acceptance Limits 
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Matrix Sediment Samples  

 
 
 

 
 

 
 

 
 

 Analytical 
Group 

TOC  
 

 
 

 
 

 
 

 
 

Analytical 
Method /      
SOP Reference 

Lloyd Kahn 
Empirical SOP-
221 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

QC Sample Frequency / 
Number 

Method / SOP QC 
Acceptance Limits CA 

Person(s) 
Responsible 

for CA 
Data Quality 

Indicator (DQI) 
Measurement 
Performance 

Criteria 

Method Blank 
One per preparatory 
batch of 20 or fewer 
samples 

The target analyte must be ≤ ½ 
LOQ. 

Correct problem, re-prepare and 
reanalyze along with associated 
samples. 

Analyst, Supervisor, 
Data Validator Bias/ Contamination Same as QC 

Acceptance Limits 

Calibration Blank  

At the beginning of 
analytical sequence, 
after every 10 
samples, at the end of 
the sequence 

The target analyte 
concentration must be < LOD. 

Correct problem, re-prepare, and 
reanalyze along previous 10 samples. 

Analyst, Supervisor, 
Data Validator Bias/ Contamination Same as QC 

Acceptance Limits 

LCS 
One per preparatory 
batch of 20 or fewer 
samples 

%R must be within 80-120% of 
true value. 

Correct problem, re-prepare, and 
reanalyze along with associated 
samples. 

Analyst, Supervisor, 
Data Validator Accuracy/ Bias Same as QC 

Acceptance Limits 

MS/MSD 
One per preparatory 
batch of 20 or fewer 
samples per matrix 

%R should be within 80-120% 
of true value. 
RPD should be ≤ 20%. 

Contact client for guidance. Analyst, Supervisor, 
Data Validator 

Accuracy/ Bias/ 
Precision 

Same as QC 
Acceptance Limits 

 
 
 



Project-Specific SAP Title: SAP for SWMU 11 RFI 
Site Name/Project Name: NSA Crane Date: March 2011  
Site Location: Crane, Indiana  

121001 (Worksheet No. 29) Page 131 of 147 CTO F27E 

SAP Worksheet No. 29 -- Project Documents and Records Table 
(UFP-QAPP Manual Section 3.5.1) 

 
Document Where Maintained 
Field Documents 
Field Logbook (and sampling notes) 
Field Sample Forms forms (e.g. boring logs, sample log sheets, 
drilling logs, etc.) 
Chain-of-Custody Records 
Sample Shipment Air Bills 
Sampling Instrument Calibration Logs 
Photographs         
FTMR Forms 
This SAP 
Field Sampling SOPs 
Health and Safety Plan 

Field documents will be maintained in the project file located in the Tetra 
Tech Cincinnati, Ohio office. 

Laboratory Documents 
Sample Receipt, Custody, and Tracking Record 
Equipment Calibration Logs 
Analysis Run Logs 
Corrective Action Forms 
Reported Results for Standards, QC Checks, and QC Samples 
Raw Data 
Data Completeness Checklist     

Laboratory documents will be included in the hardcopy and Portable 
Document Format (PDF) deliverables from the laboratory.  Laboratory 
data deliverables will be maintained in the Tetra Tech Cincinnati, Ohio 
project file and in long-term data package storage at a third-party 
professional document storage firm. 
 
Electronic data results will be maintained in a database on a password 
protected Structured Query Language (SQL) server. 

Assessment Findings 
All versions of the SAP 
All letter and e-mail correspondence with regulatory agencies, 
including approvals and comments 
Data Validation Memoranda (includes tabulated data summary forms) 

All assessment documents will be maintained in the Tetra Tech Cincinnati, 
Ohio project file.  

Reports 
SWMU 11 RFI Report. 

All versions of the RFI Report, and all support documents (e.g., Data 
Validation Reports) will be stored in hardcopy in the Tetra Tech Cincinnati, 
Ohio project file and electronically in the server library. 
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SAP Worksheet No. 30 -- Analytical Services Table 
(UFP-QAPP Manual Section 3.5.2.3) 

 

MATRIX ANALYTICAL GROUP 

SAMPLE 
LOCATIONS/ 

IDENTIFICATION 
NUMBERS 

ANALYTICAL 
METHOD 

DATA 
PACKAGE 

TURNAROUND 
TIME 

LABORATORY / 
ORGANIZATION 

(name and address, 
contact person and  
telephone number) 

BACKUP 
LABORATORY/ 
ORGANIZATION 

(name and 
address, contact 

person, and 
telephone 
number) 

Groundwater, 
soil, and 
sediment 

VOCs  See  
Worksheet No.18 

SW-846  8260B 21 calendar days Kim Kostzer 
kkostzer@empirlabs.com 
Empirical Laboratories, LLC 
621 Mainstream Drive,  
Suite 270   
Nashville, TN 37228 
615-345-1115 

NA 
SVOCs (Including Low 
Level PAHs) 

SW-846  8270C 
and 8270C-Low 

Pesticides SW-846  8081B 
PCBs SW-846 8082A 
Metals, Total and 
Dissolved (Including 
Mercury) 

SW-846 6010C/ 
7470A/ 7471A 

Cyanide SW-846 9012A 
TOC Lloyd Kahn 

Soil and 
sediment 

Dioxins/Furans See  
Worksheet No.18 

SW-846 8290A 21 calendar days Chris Cornwell 
ccornwell@cfanalytical.com 
Cape Fear Analytical, LLC 
3306 Kitty Hawk Road 
Suite 120 
Wilmington, NC  28405 
910-795-0422 

NA 
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SAP Worksheet No. 31 -- Planned Project Assessments Table 
(UFP-QAPP Manual Section 4.1.1) 
 

ASSESSMENT 
TYPE FREQUENCY 

INTERNAL  
OR 
EXTERNAL 

ORGANIZATION 
PERFORMING 
ASSESSMENT 

PERSON(S) 
RESPONSIBLE 

FOR 
PERFORMING 
ASSESSMENT  

(title and 
organizational 

affiliation) 

PERSON(S) 
RESPONSIBLE FOR 

RESPONDING TO 
ASSESSMENT 

FINDINGS 
 (title and 

organizational 
affiliation) 

PERSON(S) 
RESPONSIBLE 

FOR IDENTIFYING 
AND 

IMPLEMENTING 
CA  

(title and 
organizational 

affiliation) 

PERSON(S)  
RESPONSIBLE 

FOR MONITORING 
EFFECTIVENESS 

OF CA  
(title and 

organizational 
affiliation) 

Laboratory 
System Audit1 

Every 2 years External DoD ELAP 
Accrediting Body 

DoD ELAP 
Accrediting Body 
Auditor 

Laboratory QAM or 
Laboratory Manager, 
Empirical and CFA 

Laboratory QAM or 
Laboratory Manager, 
Empirical and CFA 

Laboratory QAM or 
Laboratory Manager, 
Empirical and CFA 

 
1 Empirical and CFA are DoD ELAP accredited by a recognized Accrediting Body.  The DoD ELAP accreditation letter is included in Appendix B.  
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SAP Worksheet No. 32 -- Assessment Findings and Corrective Action Responses 
(UFP-QAPP Manual Section 4.1.2) 
 

Assessment 
Type 

Nature of 
Deficiencies 

Documentation 

Individual(s) Notified 
of Findings  
(name, title, 
organization) 

Timeframe of 
Notification 

Nature of 
Corrective 

Action 
Response 

Documentation  

Individual(s) Receiving 
Corrective Action 

Response  
(name, title, 

organization) 

Timeframe 
for 

Response 

Laboratory 
System Audit 

Written audit 
report 

Randy Ward, 
Laboratory QAM, 
Empirical 

Mike Larkins, 
Laboratory QAM, CFA 

Specified by DoD 
ELAP Accrediting 
Body 

Letter DoD ELAP Accrediting 
Body 

Specified by 
DoD ELAP 
Accrediting 
Body 
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SAP Worksheet No. 33 -- QA Management Reports Table 
(UFP QAPP Manual Section 4.2) 
 

 
Type of Report 

 
Frequency 

(daily, weekly monthly, 
quarterly, annually, etc.) 

 
Projected Delivery 

Date(s) 

 
Person(s) Responsible 
for Report Preparation 
(title and organizational 

affiliation) 

 
Report Recipient(s) 

(title and organizational 
affiliation) 

Data Validation Report Per Sample Delivery Group 
(SDG) 

Within 3 weeks after 
receiving the data from the 
laboratory 

Project Chemist or Data 
Validator, Tetra Tech 

PM, Tetra Tech; project file 

Major Analysis Problem 
Identification (Internal 
Memorandum) 

When persistent analysis 
problems are detected 

Immediately upon detection 
of problem – on the same 
day 

QAM, Tetra Tech PM, Tetra Tech; QAM, 
Tetra Tech; Program 
Manager, Tetra Tech; 
project file 

Project Monthly Progress 
Report 

Monthly for duration of the 
project 

Monthly PM, Tetra Tech PM, Tetra Tech; QAM, 
Tetra Tech; Program 
Manager, Tetra Tech; 
project file 

Laboratory QA Report When significant plan 
deviations result from 
unanticipated 
circumstances 

Immediately upon 
detection of problem (on 
the same day) 

Laboratory PM, Empirical 
and CFA 

PM and project file, Tetra 
Tech 
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SAP Worksheet No. 34 -- Verification (Step I) Process Table 
(UFP-QAPP Manual Section 5.2.1) 
   

VERIFICATION INPUT DESCRIPTION INTERNAL/ 
EXTERNAL 

RESPONSIBLE FOR 
VERIFICATION  

(name, organization) 

Chain-of-Custody Forms 

The Tetra Tech FOL or designee will review and sign the chain-of-custody form 
to verify that the samples listed are included in the shipment to the laboratory 
and the sample information is accurate.  The forms will be signed by the sampler 
and a copy will be retained for the project file, the Tetra Tech PM, and the Tetra 
Tech Data Validators. 

Internal Sampler and FOL, Tetra Tech 

 

The Empirical and CFA Laboratory Sample Custodian will review the sample 
shipment for completeness, integrity, and sign accepting the shipment.  The 
Tetra Tech Data Validators will check that the chain-of-custody form was signed 
and dated by the Tetra Tech FOL or designee relinquishing the samples and 
also by the Laboratory Sample Custodian receiving the samples for analyses. 

Internal/ 
External 

1 - Laboratory Sample 
Custodian, Empirical and CFA 
2 - Data Validators, Tetra Tech 

SAP Sample Tables/  Chain-of-
Custody Forms 

Verify that all proposed samples listed in the SAP tables have been collected. Internal FOL or designee, Tetra Tech 

Sample Log Sheets Verify that information recorded in the log sheets is accurate and complete.   Internal FOL or designee, Tetra Tech 

SAP/ Field Logs/ Analytical Data 
Packages 

Ensure that all sampling SOPs were followed.  Verify that deviations have been 
documented and MPCs have been achieved.  Particular attention should be 
given to verify that samples were correctly identified, that sampling location 
coordinates are accurate, and that documentation establishes an unbroken trail 
of documented chain-of-custody from sample collection to report generation.  
Verify that the correct sampling and analytical methods/SOPs were applied.  
Verify that the sampling plan was implemented and carried out as written and 
that any deviations are documented.   

Internal PM or designee, Tetra Tech 

SAP/ Analytical SOPs/ 
Analytical Data Packages 

Ensure that all laboratory SOPs were followed.  Verify that the correct analytical 
methods/SOPs were applied. Internal Laboratory QAM, Empirical 

and CFA 

SAP/ Laboratory SOPs/ Raw 
Data/ Applicable Control Limits 
Tables 

Establish that all method QC samples were analyzed and in control as listed in 
the analytical SOPs.  If method QA is not in control, the Laboratory QAM will 
contact the Tetra Tech PM verbally or via e-mail for guidance prior to report 
preparation. 

Internal Laboratory QAM, Empirical 
and CFA 

SAP/ Chain-of-Custody Forms Check that field QC samples listed in Worksheet No.20 were collected as 
required. Internal FOL or designee, Tetra Tech 
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VERIFICATION INPUT DESCRIPTION INTERNAL/ 
EXTERNAL 

RESPONSIBLE FOR 
VERIFICATION  

(name, organization) 

EDDs/Analytical Data Packages 

Each EDD will be verified against the chain-of-custody and hard copy data 
package for accuracy and completeness.  Laboratory analytical results will be 
verified and compared to the electronic analytical results for accuracy.  Sample 
results will be evaluated for laboratory contamination and will be qualified for 
false positives using the laboratory method/preparation blank summaries.  
Positive results reported between the DL and the LOQ will be qualified as 
estimated.  Extraneous laboratory qualifiers will be removed from the validation 
qualifier. 

External Data Validators, Tetra Tech 

 
Notes:  Verification includes field data verification and laboratory data verification.  Verification inputs as per Worksheet No.34 will be checked.  
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SAP Worksheet No. 35 -- Validation (Steps IIa and IIb) Process Table  
(UFP-QAPP Manual Section 5.2.2) (Figure 37 UFP-QAPP Manual) (Table 9 UFP-QAPP Manual) 
 

Step IIa / 
IIb Validation Input Description 

Responsible for 
Validation (name, 

organization) 

IIa SAP/ Sample Log 
Sheets 

Sample Coordinates - Ensure that sample locations are correct and in accordance with 
the SAP proposed locations.  Document any discrepancies in the final report. 

PM, FOL, or designee, 
Tetra Tech 

IIa Chain-of-Custody 
Forms 

Custody - Ensure that the custody and integrity of the samples was maintained from 
collection to analysis, the custody records are complete, and any deviations are 
recorded.  Review that the samples were shipped and store at the required 
temperature and sample pH for chemically preserved samples meet the requirements 
listed in Worksheet No.19.  Ensure that the analyses were performed within the holding 
times listed in Worksheet No.19. 

Project Chemist or Data 
Validators, Tetra Tech 

IIa/IIb 
SAP/ Laboratory 
Data Packages/ 
EDDs  

Accuracy - Ensure that the laboratory QC samples listed in Worksheet No.28 were 
analyzed and that the MPCs listed in Worksheet No.12 were met for all field samples 
and QC analyses.  Check that specified field QC samples were collected and analyzed 
and that the analytical QC criteria set up for this project were met.   

Project Chemist or Data 
Validators, Tetra Tech 

Precision - Check the field sampling precision by calculating the RPD for FD samples.  
Check the laboratory precision by reviewing the RPD or percent difference values from 
laboratory duplicate analyses; MS/MSDs; and LCS/LCSD, if available.  Ensure 
compliance with the methods and project MPCs accuracy goals listed in Worksheet 
No.12. 
Representativeness - Check that the laboratory recorded the temperature at sample 
receipt and the pH of the chemically preserved samples to ensure sample integrity from 
sample collection to analysis. 
Completeness - Review the chain-of-custody forms generated in the field to ensure that 
the required analytical samples have been collected, appropriate sample identifications 
have been used, and correct analytical methods have been applied.  The Tetra Tech 
Data Validator will verify that elements of the data package required for validation are 
present, and if not, the laboratory will be contacted and the missing information will be 
requested.  Validation will be performed as per Worksheet No.36.  Check that all data 
have been transferred correctly and completely to the final Structured Query Language 
database.   
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Step IIa / 
IIb Validation Input Description 

Responsible for 
Validation (name, 

organization) 

IIb 
SAP/ Laboratory 
Data Packages/ 
EDDs 

Sensitivity - Ensure that the project LOQs listed in Worksheet No.15 were achieved. 

Project Chemist or Data 
Validators, Tetra Tech 

PSLs - Discuss the impact on reported DLs due to matrix interferences or sample 
dilutions performed because of the high concentration of one or more other 
contaminants, on the other target compounds reported as non-detected.  Document 
this usability issue and inform the Tetra Tech PM.  Review and add PSLs to the 
laboratory EDDs.  Flag samples and notify the Tetra Tech PM of samples that exceed 
PSLs listed in Worksheet No.15. 
QA/QC - Ensure that all QC samples specified in the SAP were collected and analyzed 
and that the associated results were within prescribed SAP acceptance limits.  Ensure 
that QC samples and standards prescribed in analytical SOPs were analyzed and 
within the prescribed control limits.  If any significant QC deviations occur, the 
Laboratory QAM shall have contacted the Tetra Tech PM. 
Deviations - Summarize deviations from methods, procedures, or contracts in the Data 
Validation Report.  Determine the impact of any deviation from sampling or analytical 
methods and SOPs requirements and matrix interferences effect on the analytical 
results.  Qualify data results based on method or QC deviation and explain all the data 
qualifications.  Print a copy of the project database qualified data depicting data 
qualifiers and data qualifiers codes that summarize the reason for data qualifications.  
Determine if the data met the MPCs and determine the impact of any deviations on the 
technical usability of the data. 
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SAP Worksheet No. 36 -- Analytical Data Validation (Steps IIa and IIb) Summary Table 
(UFP-QAPP Manual Section 5.2.2.1) 
 

STEP  IIa / IIb MATRIX ANALYTICAL 
GROUP VALIDATION CRITERIA 

DATA VALIDATOR 
(title and organizational 

affiliation) 

IIa and IIb 
Groundwater, 

surface water, soil 
and sediment 

VOCs, SVOCs 
(Including Low Level 

PAHs), Pesticides, and 
PCBs 

Data validation will be performed using 
criteria for SW-846 Methods 8260B, 
8270C, 8270C-Low, 8081B, and 8082A 
listed in Worksheets Nos.12, 15, 24, and 
28 and the current DoD QSM.  If not 
included in the aforementioned, then the 
logic outlined in the “USEPA Contract 
Laboratory Program (CLP) National 
Functional Guidelines for Organic Data 
Review” USEPA-540/R-99-008, (USEPA, 
October 1999) will be used to apply 
qualifiers to data. 

Data Validation Specialist, Tetra 
Tech 

IIa and IIb 
Groundwater, 

surface water, soil 
and sediment 

Metals and Cyanide 

Data validation will be performed using 
criteria for SW-846 Methods 6010C, 
7470A, 7471A, and 9012A listed in 
Worksheets Nos.12, 15, 24, and 28 and 
the current DoD QSM.  If not included in 
and the aforementioned, then the logic 
outlined in the “USEPA CLP National 
Functional Guidelines for Inorganic Data 
Review”, USEPA 540-R-04-004, (USEPA, 
October 2004) will be used to apply 
qualifiers to data. 

Data Validation Specialist, Tetra 
Tech 

IIa and IIb Soil and sediment Dioxins/Furans 

Data validation will be performed using 
criteria for SW-846 Method 8290A listed in 
Worksheets Nos.12, 15, 24, and 28 and 
the current DoD QSM.  If not included in 
the aforementioned, then the logic outlined 
in the “National Functional Guidelines for 
Chlorinated Dioxin/Furan Data Validation”, 
(USEPA, September 2005) will be used to 
apply qualifiers to data. 

Data Validation Specialist, Tetra 
Tech 
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STEP  IIa / IIb MATRIX ANALYTICAL 
GROUP VALIDATION CRITERIA 

DATA VALIDATOR 
(title and organizational 

affiliation) 

IIa and IIb Sediment TOC 

Limited data validation* will be performed 
using criteria for Methods Lloyd Kahn 
listed in Worksheets Nos.12, 15, 24, and 
28 and the current DoD QSM. 

Data Validation Specialist, Tetra 
Tech 

 

Notes:  

* Limited data validation.  Limits the data review to specific review parameters (Data Completeness/Data Verification, Holding Times, Calibrations, Blank Contamination, and Detection Limits) 
to determine gross deficiencies only.  The limited data validation is best expressed as a review to preclude the possibility of false negatives and to eliminate false positives.  Raw data are not 
evaluated and sample result verification is not conducted.  A formal report, similar to a full data validation report, is prepared but the scope is more limited than a full validation report.  The 
data packages provided by the laboratory will be expansive enough to allow future complete formal data validation, if necessary. 
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SAP Worksheet No. 37 -- Usability Assessment 
(UFP-QAPP Manual Section 5.2.3) 
 

Data Usability Assessment 

The usability of the data generated during the project directly affects whether project objectives can be 
achieved.  The following characteristics will be evaluated at a minimum.  The results of these 
evaluations will be included in the project report.  The characteristics will be evaluated for multiple 
concentration levels if the evaluator determines that this is necessary.  To the extent required by the 
type of data being reviewed, the assessors will consult with other technically competent individuals to 
render sound technical assessments of these DQI characteristics: 
 

Completeness 
o For each matrix that was scheduled to be sampled, the Tetra Tech FOL acting on behalf of the 

Project Team will prepare a table listing planned samples/analyses to collected 
samples/analyses.  If deviations from the scheduled sample collection or analyses are 
identified, the Tetra Tech PM and Project Risk Assessor will determine whether the deviations 
compromise the ability to meet project objectives.  If they do, the Tetra Tech PM will consult 
with the Navy RPM and other project team members, as necessary (determined by the Navy 
RPM), to develop appropriate corrective actions. 

 
Precision 

o The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether 
precision goals for FD and laboratory duplicates were met.  This will be accomplished by 
comparing duplicate results to precision goals identified in Worksheets Nos.12 and 28.  This will 
also include a comparison of field and laboratory precision with the expectation that FD results 
will be no less precise than laboratory duplicate results.   If the goals are not met, or data have 
been flagged as estimated (J qualifier), limitations on the use of the data will be described in the 
project report. 

 
Accuracy 

o The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether the 
accuracy/bias goals were met for project data.  This will be accomplished by comparing percent 
recoveries of LCS, LCSD, MS, MSD, and surrogate compounds to accuracy goals identified in 
Worksheet No. 28.  This assessment will include an evaluation of field and laboratory 
contamination; instrument calibration variability; and analyte recoveries for surrogates, MS, and 
laboratory control samples.  If the goals are not met, limitations on the use of the data will be 
described in the project report.  Bias of the qualified results and a description of the impact of 
identified non-compliances on a specific data package or on the overall project data will be 
described in the project report. 

 
Representativeness 

o A Project Scientist identified by the Tetra Tech PM and acting on behalf of the Project Team will 
determine whether the data are adequately representative of intended populations, both 
spatially and temporally.  This will be accomplished by verifying that samples were collected 
and processed for analysis in accordance with the SAP, by reviewing spatial and temporal data 
variations, and by comparing these characteristics to expectations.  The usability report will 
describe the representativeness of the data for each matrix and analytical fraction.  This will not 
require quantitative comparisons unless professional judgment of the Project Scientist indicates 
that a quantitative analysis is required.    

 
Comparability 

o The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether the 
data generated under this project are sufficiently comparable to historical site data generated by 
different methods and for samples collected using different procedures and under different site 
conditions.  This will be accomplished by comparing overall precision and bias among data sets 
for each matrix and analytical fraction.  This will not require quantitative comparisons unless 
professional judgment of the Tetra Tech Project Chemist indicates that such quantitative 
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analysis is required. 
 

Sensitivity 
o The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether 

project sensitivity goals listed in Worksheet No. 15 were achieved.  The overall sensitivity and 
quantitation limits from multiple data sets for each matrix and analysis will be compared.  If 
sensitivity goals are not achieved, the limitations on the data will be described.  The Tetra Tech 
Project Chemist will enlist the help of the Tetra Tech Risk Assessor to evaluate deviations from 
planned sensitivity goals. 

 
Project Assumptions and Data Outliers 

o The Tetra Tech PM and designated team members will evaluate whether project assumptions 
are valid.  This will typically be a qualitative evaluation but may be supported by quantitative 
evaluations.  The type of evaluation depends on the assumption being tested.  Quantitative 
assumptions include assumptions related to data distributions (e.g., Normal versus log-normal) 
and estimates of data variability.  Statistical tests for outliers will be conducted using standard 
statistical techniques appropriate for this task.  Potential outliers will be removed if a review of 
the associated indicates that the results have an assignable cause the renders them 
inconsistent with the rest of the data.  During this evaluation, the team will consider whether 
outliers could be indications of unanticipated site conditions. Consideration will be given to 
whether outliers represent an unanticipated site condition. 

Describe the evaluative procedures used to assess overall measurement error associated with 
the project:   
 
After completion of the data validation, the data and data quality will be reviewed to determine whether 
sufficient data of acceptable quality are available for decision making.  In addition to the evaluations 
described above, a series of inspections and statistical analyses will be performed to estimate these 
characteristics.  The statistical evaluations will include simple summary statistics for target analytes, 
such as maximum concentration, minimum concentration, number of samples exhibiting non-detected 
results, number of samples exhibiting positive results, and the proportion of samples with detected and 
non-detected results.  The project team members identified by the Tetra Tech PM will assess whether 
the data collectively support the attainment of project objectives.  They will consider whether any 
missing or rejected data have compromised the ability to make decisions or to make the decisions with 
the desired level of confidence.  The data will be evaluated to determine whether missing or rejected 
data can be compensated by other data.  Although rejected data will generally not be used, there may 
be reason to use them in a weight of evidence argument, especially when they supplement data that 
have not been rejected.   If rejected data are used, their use will be supported by technically defensible 
rationales. 
 
For statistical comparisons and mathematical manipulations, non-detected values will be represented by 
a concentration equal to one-half the sample-specific reporting limit.  Duplicate results (original and 
duplicate) will not be averaged for the purpose of representing the range of concentrations.  However, 
the average of the original and duplicate samples will be used to represent the concentration at a 
particular sampled location.   
 
Identify the personnel responsible for performing the usability assessment:   
 
The Tetra Tech PM, Project Chemist, FOL, and Project Scientist will be responsible for conducting the 
listed data usability assessments.  The data usability assessment will be reviewed with the Navy RPM, 
the Navy ERSM, and the IDEM RPM.  If deficiencies affecting the attainment of project objectives are 
identified, the review will take place either in a face to face meeting or a teleconference depending on 
the extent of identified deficiencies.  If no significant deficiencies are identified, the data usability 
assessment will simply be documented in the project report and reviewed during the normal document 
review cycle. 
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Describe the documentation that will be generated during usability assessment and how 
usability assessment results will be presented so that they identify trends, relationships 
(correlations), and anomalies:   
 
The data will be presented in tabular format, including data qualifications such as estimation (J, UJ) or 
rejection (R).  Written documentation will support the non-compliance estimated or rejected data results.  
The project report will identify and describe the data usability limitations and suggest re-sampling or 
other corrective actions, if necessary.  
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FIGURE 10-6
HUMAN CONCEPTUAL EXPOSURE MODEL DIAGRAM
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FIGURE 10-7
ECOLOGICAL CONCEPTUAL EXPOSURE MODEL DIAGRAM
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STANDARD OPERATING PROCEDURE 

SOP-01 

GLOBAL POSITIONING SYSTEM  

1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to provide the Field Technicians with basic 

instructions for operating a handheld Global Positioning System (GPS) unit allowing them to set GPS 

parameters in the receiver, record GPS positions on the field device, and update existing Geographic 

Information System (GIS) data.  This SOP is specific to GIS quality data collection for Trimble-specific 

hardware and software. 

 

If possible, the Trimble GeoXM or GeoXH Operators Manual should be downloaded onto the operator’s 

personal computer for reference before or while in the field.  The manual can be downloaded at 

http://trl.trimble.com/docushare/dsweb/Get/Document-311749/TerraSyncReferenceManual.pdf 

 

Unless the operator is proficient in the setup and operation of the GPS unit, the Project Manager (or 

designee) should have the GPS unit shipped to the project-specific contact listed below in the Pittsburgh, 

Pennsylvania office at least five working days prior to field mobilization so project-specific shape files, data 

points, background images, and correct coordinate systems can be uploaded into the unit. 

 

   Tetra Tech NUS, Inc. 

Attn:  John Wright 

   661 Anderson Drive, Bldg #7 

   Pittsburgh, PA  15220 

 

2.0 REQUIRED EQUIPMENT 

The following hardware and software should be utilized for locating and establishing GPS points in the 

field: 

2.1 Required GPS Hardware 

- Hand-held GPS Unit capable of sub-meter accuracy (i.e. Trimble GeoXM or Trimble GeoXH).  This 

includes the docking cradle, a/c adapter, stylus, and USB cable for data transfer. 

 

http://trl.trimble.com/docushare/dsweb/Get/Document-311749/TerraSyncReferenceManual.pdf
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 Optional Accessories: 

- External antenna 

- Range pole 

- Hardware clamp (for mounting Geo to range pole) 

- GeoBeacon 

- Indelible marker 

- Non-metallic pin flags for temporary marking of positions 

 

2.2 Required GPS Software 

The following software is required to transfer data from the handheld GPS unit to a personal computer:   

 

- Trimble TerraSync version 2.6 or later (pre-loaded onto GPS unit from vendor) 

 

- Microsoft ActiveSync version 4.2 or later.  Download to personal computer from: 
 http://www.microsoft.com/windowsmobile/en-us/downloads/eulas/eula_activesync45_1033.mspx?ProductID=76 

 

- Trimble Data Transfer Utility (freeware version 2.1 or later).  Download to personal computer from:  
 http://www.trimble.com/datatransfer.shtml 

 

3.0 START-UP PROCEDURES 

Prior to utilizing the GPS in the field, ensure the unit is fully charged.  The unit may come charged from the 

vendor, but an overnight charge is recommended prior to fieldwork. 

 

The Geo-series GPS units require a docking cradle for both charging and data transfer.  The Geo-series 

GPS unit is docked in the cradle by first inserting the far domed end in the top of the cradled, then gently 

seating the contact end into the latch.  The power charger is then connected to the cradle at the back end 

using the twist-lock connector.  Attach a USB cable as needed between the cradle (B end) and the 

laptop/PC (A end). 

 

It is recommended that the user also be familiar and check various Windows Mobile settings.  One critical 

setting is the Power Options.  The backlight should be set as needed to conserve power when not in use. 

 

http://www.microsoft.com/windowsmobile/en-us/downloads/eulas/eula_activesync45_1033.mspx?ProductID=76
http://www.trimble.com/datatransfer.shtml
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Start Up: 

 

1) Power on the GPS unit by pushing the small green button located on the lower right front of the 

unit. 

 

2) Utilizing the stylus that came with the GPS unit, launch TerraSync from the Windows Operating 

System by tapping on the start icon located in the upper left hand corner of the screen and then 

tap on TerraSync from the drop-down list. 

 

3) If the unit does not default to the Setup screen, tap the Main Menu (uppermost left tab, just below 

the Windows icon) and select Setup. 

 

4) If the unit was previously shipped to the Pittsburgh office for setup, you can skip directly to Section 

4.0.  However, to confirm or change settings, continue on to Section 3.1. 

 

3.1 Confirm Setup Settings 

Use the Setup section to confirm the TerraSync software settings.  To open the Setup section, tap the 

Main Menu and select Setup.  

 

1) Coordinate System 

a. Tap on the Coordinate System. 

b. Verify the project specs are correct for your specific project by scrolling through the various 

settings.  Edit as needed and then tap OK; otherwise, tap Cancel to return to Setup Menu.  

Note: It is always best to utilize the Cancel tab rather than the OK tab if no changes are made 

since configurations are easily changed by mistake. 

c. Tap on the Units. 

d. Verify the user preferences are correct for your specific project by scrolling through the 

various settings.  Edit as needed and then tap OK; otherwise, tap Cancel to return to Setup 

Menu. 

e. Tap Real-time Settings. 

f. Verify the Real-time Settings are correct for your specific project by scrolling through the 

various settings.  Edit as needed and then tap OK; otherwise, tap Cancel to return to Setup 

Menu. 

g. The GPS unit is now configured correctly for your specific project. 
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4.0 ANTENNA CONNECTION 

1) If a connection has been properly made with the internal antenna, a satellite icon along with the 

number of usable satellites will appear at the top of the screen next to the battery icon.  If no 

connection is made (e.g.: no satellite icon), tap on the GPS tab to connect antenna. 

2) At this point the GPS unit is ready to begin collecting data. 

 

5.0 COLLECTING NEW DATA IN THE FIELD 

1) From the Main Menu select Data. 

2) From the Sub Menu (located below the Data tab) select New which will bring up the New Data File 

menu. 

3) An auto-generated filename appears and should be edited for your specific project.  If the integral 

keyboard does not appear, tap the small keyboard icon at the bottom of the screen. 

4) After entering the file name, tap Create to create the new file. 

5) Confirm antenna height if screen appears.  Antenna height is the height that the GPS unit will be 

held from the ground surface (Typically 3 to 4 feet). 

6) The Choose Feature screen appears. 

 

5.1 Collecting Features 

1) If not already open, the Collect Feature screen can be opened by tapping the Main Menu and 

selecting Data.  The Sub Menu should default to Collect. 

2) Do not begin the data logging process until you are at the specific location for which you 

intend to log the data. 

3) A known reference or two should be shot at the beginning and at the end of each day in which the 

GPS unit is being used.  This allows for greater accuracy during post-processing of the data. 

4) Upon arriving at the specific location, tap on Point_generic as the Feature Name. 

5) Tap Create to begin data logging. 

6) In the Comment Box enter sample ID or location-specific information. 

7) Data logging can be confirmed by viewing the writing pencil icon in the upper part of the screen.  

Also, the logging counter will begin.  As a Rule of Thumb, accumulate a minimum of 20 readings 

on the counter, per point, as indicated by the logging counter before saving the GPS data. 

8) Once the counter has reached a minimum number of counts (i.e. 20), tap on OK to save the data 

point to the GPS unit.  Confirm the feature.  All data points are automatically saved within the GPS 

unit. 

9) Repeat steps 2 through 8, giving each data point a unique name or number. 
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Note:  If the small satellite icon or the pencil icon is blinking, this is an indication the GPS unit is not 

collecting data.  A possible problem may be too few satellites.  While still in data collection mode, 

tap on Main Menu in upper left hand corner of the screen and select Status.  Skyplot will display 

as the default showing the number of available satellites.  To increase productivity (number of 

usable satellites) use the stylus to move the pointer on the productivity and precision line to the 

left.  This will decrease precision, but increase productivity.  The precision and productivity of the 

GPS unit can be adjusted as the number of usable satellites changes throughout the day. To 

determine if GPS is correctly recording data, see Section 5.2. 
 

5.2 Viewing Data or Entering Additional Data Points to the Current File 

1) To view the stored data points in the current file, tap on the Main Menu and select Map.  Stored 

data points for that particular file will appear.  Use the +/- and <-/-> icons in lower left hand corner 

of screen to zoom in/out and to manipulate current view. 

2) To return to data collection, tap on the Main Menu and select Data.  You are now ready to 

continue to collect additional data points. 

  

5.3 Viewing Data or Entering Data Points from an Existing File 

1) To view data points from a previous file, tap on Main Menu and select Data, then select File 

Manager from the Sub Menu. 

4) Highlight the file you want to view and select Map from the Main Menu. 

5) To add data points to this file, tap on Main Menu and select Data.  Continue to collect additional 

data points. 

 

6.0 NAVIGATION   

This section provides instructions on navigating to saved data points in an existing file within the GPS unit. 

 

1) From the Main Menu select Map. 

2) Using the Select tool, pick the point on the map to where you want to navigate. 

3) The location you select will have a box placed around the point. 

4) From the Options menu, choose the Set Nav Target (aka set navigation target). 

5) The location will now have double blue flags indicating this point is you navigation target. 

6) From the Main Menu select Navigation. 

7) The dial and data on this page will indicate what distance and direction you need to travel to reach 

the desired target. 
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8) Follow the navigation guide until you reach the point you select. 

9) Repeat as needed for any map point by going back to Step 1. 

 

7.0 PULLING IN A BACKGROUND FILE 

This section provides instructions on pulling in a pre-loaded background file.  These files are helpful in 

visualizing your current location. 

 

1) From the Main Menu select Map, then tap on Layers, select the background file from drop down 

list. 

2) Select the project-specific background file from the list of available files. 

3) Once the selected background file appears, the operator can manipulate the screen utilizing the 

+/- and <-/-> functions at the bottom of the screen. 

4) In operating mode, the operator’s location will show up on the background file as a floating “x”. 

 

8.0 DATA TRANSFER 

This section provides instructions on how to transfer stored data on the handheld GPS unit to a personal 

computer.  Prior to transferring data from the GPS unit to a computer, Microsoft ActiveSync and Trimble 

Data Transfer Utility software must be downloaded to the computer from the links provided in Section 2.2 

(Required GPS Software).  If a leased computer is utilized in which the operator can not download files, 

see the Note at the end of Section 8.0.   

 

1) See Attachment A at the end of this SOP for instructions on how to transfer data from the 

GPS to a personal computer. 

  

Note: If you are unable to properly transfer data from the GPS unit to a personal computer, the unit should 

be shipped to the project-specific contact listed in Section 1.0 where the data will be transferred and the 

GPS unit then shipped back to the vendor. 

 

9.0 SHUTTING DOWN 

This section provides instruction for properly shutting down the GPS unit. 

 

1) When shutting down the GPS unit for the day, first click on the “X” in the upper right hand corner. 

2) You will be prompted to ensure you want to exit TerraSync.  Select Yes. 

3) Power off the GPS unit by pushing the small green button located on the bottom face of the unit. 
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4) Place the GPS unit in its cradle to recharge the battery overnight.  Ensure the green charge light is 

visible on the charging cradle. 
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ATTACHMENT A 

 
How to Transfer Trimble GPS Data between Data Collector and PC 
original 11/21/06 (5/1/08 update) – John Wright 
 
Remember – Coordinate System, Datum, and Units are critical!!! 
 
Trimble Data Collection Devices: 
Standard rental systems include the Trimble ProXR/XRS backpack and the newer handheld GeoXT or 
GeoXH units. Some of the older backpack system may come with either a RECON “PDA-style” or a TSCe 
or TSC1 alpha-numeric style data collector. 
 
The software on all of the above units should be Trimble TerraSync (v 2.53 or higher – current version is 
3.20) and to the user should basically look and function similar. The newer units and software versions 
(which should always be requested when renting) include enhancements for data processing, real-time 
display functions, and other features. 
 
Data Transfer: 
Trimble provides a free transfer utility program to aid in the transfer of GIS and field data. The Data 
Transfer Utility is a standalone program that will run on a standard office PC or laptop. 
 
To connect a field data collector such as a RECON, GeoXM, GeoXT, GeoXH, or ProXH, you must first 
have Microsoft ActiveSync installed to allow the PC and the data collector to talk to one another. A 
standard USB cable is also needed to connect the two devices. 
 
A CD or USB drive is provided with the data collector for use in data transfer. If needed, these programs 
are also available without charge via the web at: 
 
• Trimble Data Transfer Utility (v 1.38) program to download the RECON or GeoXH field data to your 
PC:  http://www.trimble.com/datatransfer.shtml 
 
• ActiveSync from Microsoft to connect the data collector to the PC. The latest version (v4.5) can be 
found at:  http://www.microsoft.com/windowsmobile/activesync/default.mspx 
(see page 2 for data transfer instructions) 
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To Transfer Data Collected in the Field: 
 
• Install the Data Transfer and ActiveSync software installed on your PC 
• Connect the RECON or GeoXH to your PC via an A/B USB cable (blade end and square end type "HP 
printer" style) 
• ActiveSync should auto-detect the connection and recognize the data collector 
• Make sure the data file desired is CLOSED in TerraSync prior to transfer 
• Connect via ActiveSync as a guest (not a partnership) 
• Run the Trimble Data Transfer Utility program on your PC 
• Select "GIS Datalogger on Windows CE" or similar selection 
• Hit the green connect icon to the right - the far right area should say "Connected to ...." if successful 
• Select the "Receive" data tab (under device) 
• Select "Data" from file types on the right 
• Find the file(s) needed for data transfer. You can sort the data files by clicking on the date/time header 
• Select or browse to a C-drive folder you can put this file for emailing 
• When the file appears on the list, hit the “Transfer All” 
• Go to your Outlook or other email, send a message to: John.Wright@tetratech.com (or GIS department) 
• Attach the file(s) you downloaded from your C-drive. For each TerraSync data file created you should 
have a packet of multiple data files. All need to be sent as a group – make sure you attach all files (the 
number of files may vary – examples include: ssf, obx, obs, gix, giw, gis, gip, gic, dd, and car) 
 
To Transfer GIS Data from PC to the Field Device (must be converted in Pathfinder Office): 
 
• Obtain GIS file(s) desired from GIS Department and have converted to Trimble extension 
• Contact John Wright (John.Wright@tetratech.com) if needed for file conversion and upload support 
• The GIS file(s) can be quickly converted if requested and sent back to the field user in the needed 
“Trimble xxx.imp” extension via email – then quickly downloaded from Outlook to your PC for transfer 
• Install the Data Transfer and ActiveSync software installed on your PC 
• Connect the RECON or GeoXH to your PC via an A/B USB cable (blade end and square end type "HP 
printer" style) 
• ActiveSync should auto-detect the connection and recognize the data collector 
• Connect via ActiveSync as a guest (not a partnership) 
• Run the Trimble Data Transfer Utility program on your PC 
• Select "GIS Datalogger on Windows CE" or similar selection 
• Hit the green connect icon to the right - the far right area should say "Connected to ...." if successful 
• Select the "Send" data tab (under device) 
• Select "Data" from file types on the right (you can also send background files) 
• Browse to the location of the data on your PC (obtain the file from Pathfinder Office or from the person 
who converted the data for field use) 
• Select the options as appropriate for the name and location of the data file to go on the data collector 
(usually you can choose main memory or a data storage card) 
• When the file(s) appears on the list, hit the “Transfer All” 
• Run TerraSync on the field device and open the existing data files. Your transferred file should appear 
(make sure you have selected Main Memory, Default, or Storage Card as appropriate) 
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STANDARD OPERATING PROCEDURE  

SOP-02 

SAMPLE LABELING 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes the procedures to be used for labeling sample 

containers.  Sample labels are used to document the sample ID, date, time, analysis to be performed, 

preservative, matrix, sampler, and the analytical laboratory.  A sample label will be attached to each 

sample container. 

 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Writing utensil (preferably black pen with indelible ink) 

Disposable medical-grade gloves (e.g. latex, nitrile) 

Sample log sheets 

Required sample containers: All sample containers for analysis by fix-based laboratories will be supplied 

and deemed certified clean by the laboratory. 

Sample labels  

Chain-of-custody records 

Sealable polyethylene bags 

Heavy-duty cooler 

Ice 

 

3.0 PROCEDURES 

3.1 The following information will be electronically printed on each sample label prior to mobilizing for 

field activities.  Additional “generic” labels will also be printed prior to mobilization to be used for 

field QC and backups.   

 

• Project Number  

• Sample Location ID 

• Contract Task Order Number (CTO F27E) 

• Sample ID 

• Matrix 
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• Preservative 

• Analysis to be Performed 

• Laboratory Name 

 

3.2 Select the container(s) that are appropriate for a given sample.  Select the sample-specific ID 

label(s), complete date, time, and sampler name, and affix to the sample container(s). 

 

3.3 Fill the appropriate containers with sample material.  Securely close the container lids without 

overtightening. 

 

3.4 Place the sample container in a sealable polyethylene bag and place in a cooler containing ice. 

 

Example of a sample label is attached at the end of this SOP. 

 

4.0 ATTACHMENTS 

1. Sample Label 

ATTACHMENT 1 

SAMPLE LABEL 
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STANDARD OPERATING PROCEDURE 

SOP-03 

SAMPLE IDENTIFICATION NOMENCLATURE 

1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to establish a consistent sample 

nomenclature system that will facilitate subsequent data management at the Naval Support Activity (NSA) 

Crane.  The sample nomenclature system has been devised such that the following objectives can be 

attained. 

 

• Sorting of data by site, location, or matrix 

• Maintenance of consistency (field, laboratory, and database sample numbers) 

• Accommodation of all project-specific requirements  

• Accommodation of laboratory sample number length constraints 

• Ease of sample identification 

 

The NSA Crane Environmental Protection Department must approve any deviations from this procedure. 

 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Pen with indelible ink 

Sample tags 

Sample container labels  

 

3.0 SAMPLE IDENTIFICATION NOMENCLATURE 

3.1 Monitoring Samples  

All monitoring samples will be properly labeled with a sample label affixed to the sample container.  Each 

sample will be assigned a unique sample tracking number.   
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3.1.1 Sample Numbering Scheme 

The sample tracking number will consist of a four- or five-segment alpha-numeric code that identifies the 

sample’s associated Solid Waste Management Unit (SWMU) number, sample type, location, and sample 

depth.  For soil samples, the final four tracking numbers will identify the depth in units of feet below ground 

surface (bgs) at which the sample was collected (rounded to the nearest foot).  For sediment samples, the 

final four tracking numbers will identify the depth in units of inches bgs at which the sample was collected.  

For aqueous samples, where applicable, the sample tracking number will identify whether a sample is 

filtered and/or the sample round number. 

 

The alphanumeric coding to be used is explained in the following diagram and subsequent definitions: 

 

NN AA A and/or N 
2 to 5-Characters 

NN and/or A 
(Aqueous only) 

NNNN 
(Soils and 

Sediment only) 
SWMU 
Number 

Sample 
Type 

Location Code Round Identifier 
and/or Filtered 

Sequential depth 
interval from 

freshly exposed 
surface 

 

Character Type: 

 A = Alpha 

 N = Numeric 

 

SWMU Number (NN): 

 

11 = SWMU 11 

 

Sample Type (AA): 

 SS = Surface Soil Sample 

SB = Subsurface Soil Sample 

 SD = Sediment Sample 

GW = Groundwater Sample 

 

Location: 

SB = Soil Boring  

SD = Sediment 

 TW = Temporary Well 

MW = Monitoring Well 
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The sample location code is the well number, soil sample location, or sediment sample location, 

numbered sequentially by SWMU, beginning with zero one for each sample type (SD01).  The location 

code for each sample is listed on figures and tables in the site-specific work plan.   

 

Note:  To keep the sample identification nomenclature to a minimum number of characters and to avoid 

redundancy, the AA portion of the location code such as “SB” (soil boring) is used to reference the sample 

location in figures and tables.  The AA portion of the location code is replaced with sample type AA in the 

sample identification and sample tracking number.  For example, SB01 (location code) would be SS01 

(sample identification) for a surface soil sample collected by DPT.  

 

Existing well numbers are used when unique.  New wells will be designated by a SWMU or site number, 

followed by “MW” for permanent monitoring well, “TW” for temporary well, etc.; a “T” for Tetra Tech NUS 

for permanent wells; and numbered sequentially, by SWMU, beginning with zero one (TW01).   

 

Note:  To keep the sample identification nomenclature to a minimum number of characters and to avoid 

redundancy, “TW” (temporary well) is used for text, figures, and tables and replaced with “GW” 

(groundwater) in the sample identification.  For example, TW01 would be GW01 

 

Round Identifier and/or Filtered: 

This code section will be used for aqueous samples only. 

 

Round Identifier: 

A two-digit round identifier will be used to track the number of aqueous samples (GW) taken from a 

particular aqueous sample location.  The first sample collected from a location will be assigned round 

identifier 01, the second 02, etc.  This applies to both existing and proposed monitoring wells. 

 

Filtered: 

Water samples that are field filtered (dissolved analysis) will be identified with an “F” in the last code 

section.  No entry in this segment signifies an unfiltered (total) sample. 

 

Depth Interval (NNNN):  

This code section will be used for soil and sediment samples only.  For soil samples, the final four tracking 

numbers will identify the depth in units of feet.  Surface soil samples will be collected from 0- to 2-feet bgs.  

Subsurface soil samples will be collected at depths greater than 2-feet bgs.  For sediment samples, the 

final four tracking numbers will identify the depth in units of inches.  Sediment samples will be collected 

from 0- to 6-inches below the sediment/water interface. 
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The depth code is used to note the depth bgs at which a soil or sediment sample is collected.  The first 

two numbers of the four-number code specify the top interval, and the third and fourth specify the bottom 

interval of the sample depth.  The depths will be noted in whole numbers only; further detail, if needed, will 

be recorded on the sample log sheet, boring log, logbook, etc 

 

3.1.2 Examples of Sample Nomenclature 

The location code for the first soil boring at SWMU 11 would be labeled as “11SB01”. 

 

The surface soil sample collected from soil boring 11SB01, at a depth of 0- to 2-feet bgs would be 

designated as “11SS010002”. 

 

The subsurface soil sample collected from soil boring 11SB01, at a depth of 4- to 6-feet bgs would be 

designated as “11SB010406”. 

 

The sediment sample collected at location 11SD03, at a depth of 0- to 6-inches bgs would be designated 

as “11SD030006”. 

 

The first groundwater sample collected from temporary well 11TW02 would be designated as 

“11GW0201”. 

 

3.2 Field Quality Assurance/Quality Control (QA/QC) Sample Nomenclature  

Field QA/QC samples are described in the UFP-SAP.  They will be designated using a different coding 

system than the one used for regular field samples.   

 

3.2.1 QC Sample Numbering 

The QC code will consist of a four-segment alpha-numeric code that identifies the sample type,  QC 

sample type, the date the sample was collected, and the number of this type of QC sample collected on 

that date. 

 

NN AA AA   MMDDYY NN F 
SWMU 
Number 

Sample Type QC Type  Date Sequence Number 
(per day) 

Filtered 
(aqueous only, if 

needed) 
 



NSA Crane RFI 
SAP for SWMU 11 

Revision: 1 
Date: March 2011 

Page 5 of 5 

   

Character Type: 

A = Alpha 

N = Numeric 

M = Month 

D = Day 

Y = Year 

 

The QC types are identified as: 

TB = Trip Blank 

RB = Rinsate Blank (Equipment Blank) 

FD = Field Duplicate 

 

Note:  QC sample tracking numbers for trip blanks will not include sample type (AA), as the same trip 

blank may be used for samples from more than one type of media. 

 

The sampling time recorded on the Chain-of-Custody Form, labels, and tags for duplicate samples will be 

“0000” so that the samples are "blind" to the laboratory.  Notes detailing the sample number, time, date, 

and type will be recorded on the sample log sheets and will document the location of the duplicate sample 

(sample log sheets are not provided to the laboratory). 

 

3.2.2 Examples of Field QA/QC Sample Nomenclature 

The first duplicate of the day at SWMU 11 for a surface soil sample collected on collection date (mmddyy) 

would be designated as 11SSFDMMDDYY01. 

 

The second duplicate of the day taken at SWMU 11 of a subsurface soil sample collected on the same 

collection date (mmddyy) would be designated as 11SBFDMMDDYY02. 

 

The first rinsate blank associated with surface soil samples collected on the same collection date 

(mmddyy) would be designated as 11SSRBMMDDYY01. 

 

The second trip blank associated with surface and subsurface soil samples collected on the same 

collection date (mmddyy) would be designated as 11TBMMDDYY02. 
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STANDARD OPERATING PROCEDURE 
SOP-04 

SAMPLE CUSTODY AND DOCUMENTATION OF FIELD ACTIVITIES 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes the procedures for sample custody and 

documentation of field sampling and field analyses activities. 

 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

The following logbooks, forms, labels, and equipment are required. 

 

Writing utensil (preferably black pen with indelible ink) 

Site logbook 
Field logbook 

Sample label 

Chain-of-Custody Form 

Custody seals 
Equipment calibration log 

Soil and Sediment Sample Log Sheet 

 

3.0 PROCEDURES 

This section describes custody and documentation procedures.  All entries made into the logbooks, 

custody documents, logs, and log sheets described in this SOP must be made in indelible ink (black is 

preferred).  No erasures are permitted. If an incorrect entry is made, the entry will be crossed out with a 

single strike mark, initialed, and dated. 

 

3.1 Site Logbook 

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major 

on-site activities are documented.  At a minimum, the following activities and events will be 

recorded (daily) in the site logbook: 
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• Names and responsibilities of on-site project personnel including subcontractor personnel 

• Arrival/departure of site visitors 

• Arrival/departure of equipment 

• Sampling activities and sample log sheet references 

• Daily on-site activities performed each day 

• Description of subcontractor activities 

• Sample pickup information  including chain-of-custody form numbers, air bill numbers, 

carriers, times, and dates 

• Descriptions of borehole activities and operations 

• Descriptions of monitoring well installation activities and operations, if monitoring wells are 

deemed necessary 

• Description of photographs including date, time, photographer, picture number, location, and 

compass direction of each photograph 

• Health and safety issues 

• Weather conditions 

 

The site logbook is initiated at the start of the first on-site activity (e.g., site visit or initial 

reconnaissance survey).  Entries are to be made for every day that on-site activities take place.   

 

The following information must be recorded on the cover of each site logbook: 

 

• Project name 

• Project number 

• Book number 

• Start date 

• End date 

•  Name of the person to whom the logbook is assigned 

 

 

Information recorded daily in the site logbook need not be duplicated in other field notebooks but 

must summarize the contents of these other notebooks and refer to specific page locations in 

these notebooks for detailed information (where applicable).  At the completion of each day’s 

entries, the site logbook must be signed and dated by the Tetra Tech Field Operations Leader 

(FOL). 
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3.2 Field Logbooks 

The field logbook is a separate dedicated notebook used by field personnel to document his or 

her activities in the field.  This notebook is hardbound and paginated. 

 

3.3 Sample Labels 

Adhesive sample container labels must be completed and applied to every sample container.  

Information on the label includes the project name, location, sample number, date, time, 

preservative, analysis, matrix, sampler’s initials, and the name of the laboratory performing the 

analysis.  

 

3.4 Chain-of-Custody Form 

The Chain-of-Custody Form (COC) is a multi-part form that is initiated as samples are acquired 

and accompanies a sample (or group of samples) as it is transferred from person to person.  

Each COC is numbered.  This form must accompany any samples collected for laboratory 

chemical analysis.  A copy of a blank COC form is attached at the end of this SOP. 

 

The FOL must include the name of the laboratory in the upper right hand corner section to ensure 

that the samples are forwarded to the correct location.  If more than one COC is necessary for 

any cooler, the FOL will indicate "Page __ of __" on each COC.  The original (top) signed copy of 

the COC will be placed inside a sealable polyethylene bag and taped inside the lid of the shipping 

cooler.  Once the samples are received at the laboratory, the sample custodian checks the 

contents of the cooler(s) against the enclosed COC(s).  Any problems are noted on the enclosed 

COC Form (bottle breakage, discrepancies between the sample labels, COC form, etc.) and will 

be resolved through communication between the laboratory point-of-contact and the Tetra Tech 

Project Manager (PM).   The COC form is signed and retained by the laboratory and becomes 

part of the sample’s corresponding analytical data package.    

 

3.5 Custody Seal 

The custody seal is an adhesive-backed label, and it is part of the chain-of-custody process and 

is used to prevent tampering with samples after they have been collected in the field and sealed 

in coolers for transit to the laboratory.  The custody seals are signed and dated by the samplers 

and affixed across the opening edges of each cooler (two seals per cooler) containing 
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environmental samples.  The laboratory sample custodian will examine the custody seal for 

evidence of tampering and will notify the Tetra Tech PM if evidence of tampering is observed.    

 

3.6 Equipment Calibration Log 

The Equipment Calibration Log is used to document calibration of measuring equipment used in 

the field.  The Equipment Calibration Log documents that the manufacturer's instructions were 

followed for calibration of the equipment, including frequency and type of standard or calibration 

device.  An Equipment Calibration Log must be maintained for each electronic measuring device 

requiring calibration.  Entries must be made for each day the equipment is used. 

 

3.7 Sample Log Sheets 

The Soil and Sediment Sample Log Sheets are used to document the sampling of soil and 

sediment (see SOPs -07, -08, and -09).   

 

4.0 ATTACHMENTS 

1. Chain-of-Custody Record 

2. Equipment Calibration Log 

3. Soil and Sediment Sample Log 
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ATTACHMENT 1 

CHAIN-OF-CUSTODY RECORD 
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111:IT91ra Tech NUS, Inc. EQUIPMENT CALIBRATION LOG 

PROJECT NAME: __________________ _ INSTRUMENT NAME/MODEL: 

SITE NAME: MANUFACTURER: 

PROJECT No' SERIAL NUMBER-

Date Instrumen! Person Instrument Settings Instrument Readings Calibration Remar\o;s 
,f LD. Performing Pre- -, Post- e Pre- Post- Standard and 

Calibration Number Calibration call~~~ijon ca rj ~~~lion cal~"ralion c,~l ibratiOi-." (Lot No.) Comments 

IltlTetra Tech NUS, Inc. EQUIPMENT CALIBRATION LOG 

PROJECT NAME : __________________ _ INSTRUMENT NAME/MODEL: 

SITE NAME: MANUFACTURER: 

PROJECT No ' .. SERIAL NUMBER-

Date Instrument Person Instrument Settings Instrument Readings Calibration Remar1o;s 
of 1.0. Performing Pre- Post- p Pre- Post- Standard and 

Calibration Number Calibration call~rat ion calibration calibration c,lI-libration (Lot No.) Comments 
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ATTACHMENT 3 

SOIL AND SEDIMENT SAMPLE LOG SHEET 

 

 
 

SOIL & SEDIMENT SAMPLE LOG SHEET 

P.~ . ot 

Project Site Name: Sample 10 No.: 
Project No.: Sample Location: 

Sampled By: 
D Surface Soil C.O.C. No.: 
o Subsurface Soil 
[J Sediment Type of Sample: 
o Other: o Low Concentration 
[] QA Sample Type: o High Concentration 

Oal" , CoIM , ,So .... SIn. . 01<.) 

TO"" M."""" 
~DATk .'L~)' " : ' .C'.: 2 ' . ", ,, -""-"": ' 

0.", TIme , CoIM I , 'Son" 811, C' ••. Mol.,. . .... ) 

"ai'''''', 
,,,,. 

(Range in ppm); 

. , 11 

MSIMSD Duplute 10 No.: 

SOIL & SEDIMENT SAMPLE LOG SHEET 

P.~ . ot . 

Project Site Name: Sample 10 No.: 
Project No.: Sample Location: 

Sampled By: 
D Surface Soil C.O.C. No.: 
[] Subsurface Soil 
[] Sediment Type of Sample: 
(] Other: (] low Concentration 
[] QA Sample Type: (] High Concentration 

IDa", Do ... ' ....... ' CoIM , (So ... , S'n. CI'y, 

Tm" 

~~O'Tk "t{ . " J'; ~";, -"-~ '~" 

iDa'" r~. DepIh 'n', ... ,,' CoIM \ C"y, 

1"""°'" 
iMonitOf Readings 

I(Range In ppm): 

, 

c,' 

MSIMSD OupIute 10 No.: 
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STANDARD OPERATING PROCEDURE 

SOP-05 

SAMPLE PRESERVATION, PACKAGING, AND SHIPPING 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes the procedures for sample preservation, packaging, 

and shipping to be used in handling soil, sediment, and aqueous samples.  

 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Shipping labels 

Custody seals  

Chain-of-custody (COC) form(s) 

Sample containers with preservatives: All sample containers for analysis by fixed-base laboratories will 

be supplied, with preservatives added (if required) and deemed certified clean by the laboratory. 

Sample shipping containers (coolers): All sample shipping containers are supplied by the laboratory. 

Packaging material: Bubble wrap, sealable polyethylene bags, strapping tape, etc. 

 

3.0 PROCEDURES FOR SAMPLE PRESERVATION, PACKAGING, AND SHIPPING 

3.1 The laboratory provides sample containers with preservative already included (as required) for the 

analytical parameter for which the sample is to be analyzed.  All samples will be held, stored, and 

shipped at 4 degrees Celcius ( C).  This will be accomplished through refrigeration (used to hold 

samples prior to shipment) and/or ice.   
 

3.2  The sampler shall maintain custody of the samples until the samples are relinquished to another 

custodian or to the common carrier. 

 

3.3  Check that each sample container is properly labeled, the container lid is securely fastened, and 

the container is sealed in a polyethylene bag. 

 

3.4 If the container is glass, place the sample container into a bubble-out shipping bag and seal the 

bag using the self-sealing, pressure sensitive tape supplied with the bag. 
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3.5 Inspect the insulated shipping cooler.  Check for any cracks, holes, broken handles, etc. If the 

cooler has a drain plug, make certain it is sealed shut, both inside and outside of the cooler.  If the 

cooler is questionable for shipping, the cooler must be discarded.   

 

3.6 Line the cooler with large plastic bag, and line the bottom of the cooler with a layer of bubble wrap.  

Place the sample containers into the shipping cooler in an upright position (containers will be 

upright, with the exception of any 40-milliliter vials).  Continue filling the cooler with ice until the 

cooler is nearly full and the movement of the sample containers is limited.  

 

3.7 Wrap the large plastic bag closed and secure with tape. 

 

3.8 Place the original (top) signed copy of the COC form inside a sealable polyethylene bag.  Tape 

the bag to the inside of the lid of the shipping cooler. 

 

3.9 Close the cooler and seal the cooler with approximately four wraps of strapping tape at each end 

of the cooler.  Prior to wrapping the last wrap of strapping tape, apply a signed and dated custody 

seal to each side of the cooler (one per side).  Cover the custody seal with the last wrap of tape.  

This will provide a tamper evident custody seal system for the sample shipment.   

 

3.10 Affix shipping labels to each of the coolers, ensuring all of the shipping information is filled in 

properly.  Overnight (e.g., FedEx Priority Overnight) courier services will be used for all sample 

shipments. 

 

3.11  All samples will be shipped to the laboratory no more than 72 hours after collection.  Under no 

circumstances should sample hold times be exceeded. 
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STANDARD OPERATING PROCEDURE  
SOP-06 

DECONTAMINATION OF FIELD SAMPLING EQUIPMENT 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes the procedures to be followed when 

decontaminating non-dedicated field sampling equipment during the field investigations. 
 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Writing utensil (preferably black pen with indelible ink) 

Non-latex rubber or plastic gloves 

Cotton gloves 

Field logbook 
Potable water 

Deionized water 

Isoproponal (optional) 

LiquiNox detergent 
Brushes, spray bottles, paper towels, etc. 

Container to collect and transport decontamination fluids 

 

3.0 DECONTAMINATION PROCEDURES  

3.1 Don non-latex and/or cotton gloves and decontaminate sampling equipment (in accordance with 

the following steps) prior to field sampling and between samples.   

 

3.2 Rinse the equipment with potable water.  Rinsing may be conducted by spraying with water from 

a spray bottle or by dipping.  Collect the potable water rinsate into a container. 

 

3.3 Wash the equipment with a solution of LiquiNox detergent.  Prepare the LiquiNox wash solution in 

accordance with the instructions on the LiquiNox container. Collect the LiquiNox wash solution 

into a container.  Use brushes or sprays as appropriate for the equipment.  If oily residue has 

accumulated on the sampling equipment, remove the residue with an isopropanol wash and 

repeat the LiquiNox wash.   
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3.4 Rinse the equipment with potable water. Rinsing may be conducted by spraying with water from a 

spray bottle or by dipping.  Collect the potable water rinsate into a container.   

 

3.5 Rinse the equipment with deionized water.  Rinsing may be conducted by spraying with water 

from a spray bottle or by dipping.  Collect the deionized water rinsate into a container. 

 

3.6 Remove excess water by air drying, shaking, or by wiping with paper towels as necessary. 

 

3.7 Document decontamination by recording it in the field logbook.  

 

3.8 Containerized decontamination solutions will be managed in accordance with the procedures 

described in SOP-10 and this UFP-SAP. 
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STANDARD OPERATING PROCEDURE 

SOP-07 

SOIL CORING AND SAMPLING USING HAND AUGER TECHNIQUES 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes the procedures for collecting surface and subsurface 

soil cores from unconsolidated overburden materials using hand augering techniques. 

 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT  

Disposable medical-grade gloves (e.g., latex, nitrile) 

Writing utensil (preferably black pen with indelible ink) 

Indelible marker  

Stainless Steel Auger Buckets 

Stainless Steel Extension Rods 

Cross Handle 

Required decontamination materials 

Bentonite pellets 

Sealable polyethylene bags 

Sample labels 

Shipping containers (containing ice) 

Disposable plastic trowels or stainless steel trowels 

Stainless steel mixing bowls 

Sample containers:  Sample containers are certified clean by the laboratory supplying the containers. 

Soil Sample Log Forms 

Daily Activity Logs 

Chain-of-Custody Form 

 

3.0 SOIL SAMPLING USING A HAND AUGER  

Hand augers may be employed to collect the soil cores.  A hand augering system generally consists of a 

variety of all stainless steel bucket bits (i.e. cylinders 6-1/2” long and 2-3/4”, 3-1/4”, and 4” in diameter), a 

series of extension rods (available in 2’, 3’, 4’ and 5’ lengths), a cross handle. 
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3.1 The hand auger can be used in a wide variety of soil conditions.  It can be used to sample soil, 

both from the surface, or to depths in excess of 12 feet.  However, the presence or rock layers 

and the collapse of the borehole normally contribute to its limiting factors. 

 

Attach a properly decontaminated bucket bit into a clean extension rod and further attach the 

cross handle to the extension rod. 

 

3.2 Clear the area to be sampled of any surface debris (vegetation, twigs, rocks, letter, etc.) 

 

3.3. Turn hand auger sampler into the ground to a depth of 2 feet. The 0- to 2-feet depth soil interval is 

considered to be the surface soil. 

 

3.4 After reaching the desired depth, slowly and carefully withdraw the apparatus from the borehole. 

 

3.4 Utilizing a properly decontaminated stainless steel trowel or disposable trowel, remove the sample 

material from the bucket bit and place into a sealable polyethylene bag.  Note in a field notebook 

or on a standardized data sheet any changes in the color, texture or odor of the soil. 

 

3.5 Thoroughly homogenize the sample material and write sample ID, date, and time on the bag with 

an indelible marker.  Collection of the sample material for VOC analysis will be completed prior to 

homogenization, if VOC analysis is required. 

 

3.6 Complete required information on the Soil Sample Log Sheet (copy attached at the end of this 

SOP).  Update the Chain-of-Custody (COC) Form. 

 

3.7 Excess soil core materials will be returned to the hole and tamped.  If insufficient soil is available 

to fill the hole to the ground surface, then bentonite pellets mixed with the soil will be used to 

backfill the hole, and hydrated with potable water. 

 

3.8 Decontaminate all soil sampling equipment in accordance with SOP-06 before collecting the next 

sample. 

 

3.9 Soil samples shipped to a fixed-base laboratory for analysis will be in sample containers supplied 

by the laboratory.  The sample labels will be completed and affixed to the sample container.  The 
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samples will then be packaged and shipped to the fixed-base laboratory in accordance with SOP-

05. 

 

4.0 ATTACHMENTS 

1. Soil and Sediment Sample Log Sheet 
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ATTACHMENT 1 

SOIL AND SEDIMENT SAMPLE LOG SHEET 

 

 
 

SOIL & SEDIMENT SAMPLE LOG SHEET 

Pa of go 

Project Site Name: Sample 10 No.: 
Project No.: Sample Location: 

Sampled By. 
D Surface Soil C.O.C. No.: 
D Subsurface Soil 
D Sediment Type of Sample: 
D Other: D Low Concentration 
D QA Sample Type: D High Concentration 

GRAS SAMPLE DATA: --:"~ ;c-:- . ", ",. 

Date; Depth Int.v_. CoIM Oncription (S.nd, SItt, CIa • Moistu,., ete.) 

Time: 

Method: 
Monitor Aoading (ppm): 

COMPOSITE 'SAMPL:E DATA: ~..I>';~ .' j'.;:' _";-- .. ·Ii~ '" _':,l' .• IO-'I~\"" -" -

Dale: r~ Depth In ....... Colo< Descriptjon (Sind, Slit, Clay, Moi.t ..... etc.) 

Method: 

MonItor Readings 

(Range in ppm): 

SAMP:LE-COLLECT10N,INFOfIMAnON: 
, , ,".'/-' ~.'" 

Analysis Container Requirements COliectMt Otho< 

08SERVAnONS'I, NOTES~,1' .. . ' , .' . " MAP.: - .. ), ~, , """ . 

Circle H AppIk:.bIe: ~i SlgMtuN(s): 

MSIMSD Duplate 10 No.: 

SOIL & SEDIMENT SAMPLE LOG SHEET 

Pa of .. 
Project Site Name: Sample 10 No.: 
Project No.: Sample Location: 

Sampled By: 
D Surface Soil C.O.C. No.: 
D Subsurface Soil 
D Sediment Type of Sample: 
D Other: D Low Concentration 
D QA Sample Type: D High Concentration 

GRAS SAMPLE DATA: . ". ,-:- .,..;.r 
Dala: De Interval Colo< """'" ion (S-nd, Sltt. CI •• MoIstu,.. ele.) 

Time: 

Method: 
Monitor Raadjng (ppm): 

COMPOSITE 'SAMPl:E DATA: '::'''\"'''l', . ..•. 
.~ 

. ~~ ""-~- ~ ~;;>" .. 

Dala: Tme Depth Internl Col", DeKriptlon (Sand, Sill., Clay, Moistwe, lIIC.) 

Method: 

Monitor Readings 

(Range in ppm): 

SAMPLE'COLL£CTlON,INFOAMAn ON: -- , ·c-·"" , -",,¢, 

AMI~. Container Requirements Colleet.d Otho< 

OBSERVAnONS'1 NOTES: ;;! .. - . " MAP.: ,-""Y" " .. ' ,,,"" . -

. 
Circle HARM_tile; '),'- j SlgnltUN(S): 

M~SD Dupltcatero No.: 
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STANDARD OPERATING PROCEDURE  
SOP-08 

SOIL SAMPLE LOGGING 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes the standard procedures and technical guidance on 

the logging of soil samples.  

 

2.0 FIELD FORMS AND EQUIPMENT 

Knife 

Ruler (marked in tenths and hundredths of feet) 

Boring Log:  An example of this form is attached. 

Writing utensil (preferably black pen with indelible ink) 

 

3.0 RESPONSIBILITIES 

A field geologist or engineer is responsible for supervising all activities and assuring that each soil sample 

is properly and completely logged. 

 

4.0 PROCEDURES FOR SAMPLE LOGGING 

To maintain a consistent classification of soil, it is imperative that the field geologist understands and 

accurately uses the field classification system described in this SOP.  This identification is based on visual 

examination and manual tests. 

 

4.1 USCS Classification 

Soils are to be classified according to the Unified Soil Classification System (USCS).  This method of 

classification is detailed in Figure 1 (attached to this SOP). 

 

This method of classification identifies soil types on the basis of grain size and cohesiveness. 
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Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C).  

Some classification systems define size ranges for these soil particles, but for field classification 

purposes, they are identified by their respective behaviors.  Organic material (O) is a common component 

of soil but has no distinguishable size range; it is recognized by its composition.  The careful study of the 

USCS will aid in developing the competence and consistency necessary for the classification of soils. 

 

Coarse-grained soils will be divided into categories: rock fragments, sand, or gravel.  The terms "sand" 

and "gravel" not only refer to the size of the soil particles but also to their depositional history.  To insure 

accuracy in description, the term "rock fragments" will be used to indicate angular granular materials 

resulting from the breakup of rock.  The sharp edges that are typically observed indicate little or no 

transport from their source area; and therefore, the term provides additional information in reconstructing 

the depositional environment of the soils encountered.  When the term "rock fragments" is used, it will be 

followed by a size designation such as "(1/4 inch -1/2 inch )" or "coarse-sand size" either immediately 

after the entry or in the remarks column.  The USCS classification would not be affected by this variation 

in terms. 

 

4.2 Color 

Soil colors will be described utilizing a single color descriptor preceded, when necessary, by a modifier to 

denote variations in shade or color mixtures.  A soil could therefore be referred to as "gray" or "light gray" 

or "blue-gray."  Because color can be utilized in correlating units between sampling locations, it is 

important for color descriptions to be consistent from one boring to another. 

 

Colors must be described while the sample is still moist.  Soil samples will be broken or split vertically to 

describe colors.  Samplers tend to smear the sample surface, creating color variations between the 

sample interior and exterior. 

 

The term "mottled" will be used to indicate soils irregularly marked with spots of different colors.  Mottling 

in soils usually indicates poor aeration and lack of good drainage. 

 

4.3 Relative Density and Consistency 

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type.  

Granular soils contain predominantly sands and gravels.  They are non-cohesive (particles do not adhere 

well when compressed).  Finer-grained soils (silts and clays) are cohesive (particles will adhere together 

when compressed). 
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Granular soils are given the USCS classifications GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1). 

 

The consistency of cohesive soils is determined by performing field tests and identifying the consistency 

as shown in the following table. 

 

CONSISTENCY FOR COHESIVE SOILS 
 

Consistency Standard 
Penetration 
Resistance 
(Blows per 

Foot) 

Unconfined 
Compressive 

Strength  
(Tons/Sq. Foot by 

pocket 
penetration) 

Field Identification 

Very soft 0 to 2 Less than 0.25 Easily penetrated several inches by fist. 
Soft 2 to 4 0.25 to 0.50 Easily penetrated several inches by 

thumb. 
Medium stiff 4 to 8 0.50 to 1.0 Can be penetrated several inches by 

thumb with moderate effort. 
Stiff 8 to 15 1.0 to 2.0 Readily indented by thumb but 

penetrated only with great effort. 
Very stiff 15 to 30 2.0 to 4.0 Readily indented by thumbnail. 
Hard Over 30 More than 4.0 Indented with difficulty by thumbnail. 

 

Cohesive soils are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1). 

 

The consistency of cohesive soils is determined by hand by determining the resistance to penetration by the 

thumb.  The thumb determination methods are conducted on a selected sample of the soil, preferably the 

lowest 0.5 foot of the sample.  The sample will be broken in half and the thumb pushed into the end of the 

sample to determine the consistency.  Do not determine consistency by attempting to penetrate a rock 

fragment.  If the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard 

soil. One of the other methods will be used in conjunction with it.  The designations used to describe the 

consistency of cohesive soils are shown in the above-listed table. 

 

4.4 Weight Percentages 

In nature, soils are consist of particles of varying size and shape and are combinations of the various 

grain types.  The following terms are useful in the description of soil: 
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Terms of Identifying Proportion of the 
Component 

Defining Range of 
Percentages by Weight 

Trace 0 - 10 percent 
Some 11 - 30 percent 
Adjective form of the soil type (e.g., sandy) 31 - 50 percent 

 

Examples: 

 

 Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt. 

 Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt. 

 Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay. 

 Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 

 

4.5 Moisture 

Moisture content is estimated in the field according to four categories:  dry, moist, wet, and saturated.  In 

dry soil, there appears to be little or no water.  Saturated samples obviously have all the water they can 

hold.  Moist and wet classifications are somewhat subjective and often are determined by the individual's 

judgment.  A suggested parameter for this would be calling a soil wet if rolling it in the gloved hand or on 

a porous surface liberates water (i.e., dirties or muddies the surface).  Whatever method is adopted for 

describing moisture, it is important that the method used by an individual remains consistent throughout 

an entire field activity. 

 

4.6 Classification of Soil Grain Size for Chemical Analysis 

To determine the gross grain size classification (e.g., clay, silt, and sand) from the USCS classification 

described above, the following table will be used.  

 

Gross Soil Grain 
Size Classification 

USCS 
Abbreviation 

Description 

Clay CL inorganic clays of low to medium plasticity, gravelly clays, sandy 
clays, silty clays, lean clays. 

 CH inorganic clays of high plasticity, fat clays. 
 OH organic clays of medium to high plasticity, organic silts. 
Silt ML inorganic silts and very fine sands, rock four, silty or clayey fine 

sands with slight plasticity. 
 OL organic silts and organic silty clays of low plasticity. 
 MH inorganic silts, micaceous or diatomaceous fine sand or silty soils. 
Sand SW well graded sands, gravelly sands, little or no fines. 
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Gross Soil Grain 
Size Classification 

USCS 
Abbreviation 

Description 

 SP poorly graded sands, gravelly sands, little or no fines. 
 SM silty sands, sand-silt mixtures. 
 SC clayey sands, sand-clay mixtures. 
 

4.7 Summary of Soil Classification 

In summary, soils will be classified in a similar manner by each geologist/engineer at a project site.  The 

hierarchy of classification is as follows: 

 

 Density and/or consistency 

 Color 

 Plasticity (optional) 

 Soil types 

 Moisture content 

 Other distinguishing features 

 Grain size 

 Depositional environment 

 

5.0 ATTACHMENTS 

1. Figure 1 - Unified Soil Classification System 

2. Boring Log 
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ATTACHMENT 1 

FIGURE 1 - UNIFIED SOIL CLASSIFICATION SYSTEM 
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ATTACHMENT 2 

BORING LOG 
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STANDARD OPERATING PROCEDURE 

SOP-09 

SEDIMENT SAMPLING 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes the procedure for sediment sampling in streams 

and other waterways. 

 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

The following field forms and equipment are required for sediment sampling. 

 

Sediment Sample Log Forms: A copy of this form is attached at the end of this SOP. 

Writing utensil (preferably black pen with indelible ink) 

Indelible marker  

Bound field logbook 

Disposable plastic trowels  

2-inch diameter, 18-inch long clean plastic sleeves 

Survey stakes and flagging: Used to mark sampling locations after completion of sampling. 

Labeled sample containers: See SOP-02 for sample identification procedures.  Sample containers are 

certified clean by the laboratory supplying the containers. 

Sealable polyethylene bags 

Shipping containers (containing ice) 

Disposable medical-grade gloves (e.g., latex, nitrile) 

Chain-of-Custody Form 

 

3.0 SEDIMENT SAMPLE LOCATION SELECTION 

In general, sediments composed of fine-grained materials with greater surface area available for 

adsorption are more desirable for sample selection.  The fined-grained materials may act as a sink or 

reservoir for adsorbing heavy metals and organic contaminants even if surface runoff concentrations are 

below detection limits.  Therefore, it is important to locate the specific sampling points where the sediment 
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has the greatest percentage of fine particles.  The sampling personnel will determine specific sampling 

locations with these goals in mind. 

 

4.0 SEDIMENT SAMPLING PROCEDURES 

4.1 The sampler will wear clean, disposable medical-grade gloves.  

 

• In areas of standing or flowing water, the sampler will push a 2-inch diameter, 18-inch long 

clean plastic sleeve down into the sediment to the desired depth and cover the open end of 

the sleeve with a gloved hand to capture the sample in the lower end of the sleeve.  Remove 

the sleeve from the substrate and place the lower end containing the sediment sample inside 

the sample collection bag.  Remove the sampler’s gloved-hand from the end of the sleeve 

allowing the sediment to empty into the bag.  Prior to the transfer of sample material from the 

collection bag to the labeled sample jar, all sediment samples will be thoroughly 

homogenized. 

 

• In areas where standing or flowing water are not present, the sampler will clear vegetative 

matter or debris, if present, from the sample location using a disposable sampling trowel or 

spoon.  Use the trowel to dig up and homogenize the sediment in an 18-inch-diameter circular 

area that is 6 inches deep.    Stir the sediment within the circular area; do not move the 

sediment outside the circle.  Also, do not dig or stir sediment that is deeper than 6 inches 

below the ground surface, until the next depth interval is sampled.  Use the same trowel to 

scoop the homogenized sediment into the requisite labeled sample container(s). 

 

4.2 Record the sample time (using military time) on the Sediment Sample Log Form and sample 

container labels.  Record all other information required on the labels as specified by SOP-02. 

 

4.3 Place the labeled sample container into a sealable polyethylene bag and then place the bag 

holding the sample container into a cooler containing ice. 

 

4.4 Record date, sampling site, site conditions, location map, and other information (e.g., presence 

and flow rate of water in channel) on the Sediment Collection Log Sheet.  Enter the sample 

information onto the Chain-of-Custody Form in accordance with SOP-04. 

 

4.5 Using an indelible marker, write the sample identification on a survey stake, and drive the stake 

into the ground at the sample location.  Tack a piece of brightly colored flagging to the stake.  In 
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addition, tie a piece of flagging to an overhead tree branch or other eye-level object to improve the 

ability to relocate the sampling site in the future. 

 

5.0 ATTACHMENTS 

1. Soil and Sediment Sample Log Sheet 
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ATTACHMENT 1 

SOIL AND SEDIMENT SAMPLE LOG SHEET 
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STANDARD OPERATING PROCEDURE 
SOP-10 

MANAGEMENT OF INVESTIGATION-DERIVED WASTE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes how investigation-derived waste (IDW) will be 

collected, segregated, classified, and managed during the field investigations at Naval Support Activity 

(NSA) Crane.  The following types of IDW will be generated during this investigation: 

 

 Soil sampling residues 

 Monitoring well development and well purge waters  

 Decontamination solutions 

 Personal protective equipment and clothing (PPE) 

 Miscellaneous trash and incidental items 

 

2.0  REQUIRED FIELD FORMS AND EQUIPMENT 

Health and safety equipment (with PPE) 
Hand augers, plastic or stainless steel trowels 

Bucket (with collected development/purge water) 

Decontamination equipment 

Field logbook 
Writing utensil (preferably black pen with indelible ink) 

Plastic sheeting and/or tarps 

55-gallon drums with sealable lids 

IDW labels for drums 
Plastic garbage bags 

 

3.0 PROCEDURES 

Management of IDW includes the collection, segregation, temporary storage, classification, final disposal, 

and documentation of the waste-handling activities if necessary. 
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3.1 Liquid Wastes 

Liquid wastes that will be generated during the site activities include decontamination solutions from 

sampling equipment.  These wastes will be collected and containerized in a central location at NSA Crane 

for proper disposal. 

 

3.2 Solid Wastes 

Solid wastes that may be generated during site activities include soil and sediment sampling residues.  

Excess soil core/sampling materials will be returned to the hole and tamped.  If insufficient soil is 

available to fill the hole to the ground surface, then bentonite pellets mixed with the soil will be used to 

backfill the hole, and hydrated with potable water.  Excess sediment sampling materials will be returned 

to the point of collection.  The disposition of this materials will be carried out in a manner such as not to 

contribute further environmental degradation or pose a threat to public health or safety.   

 

3.3 PPE and Incidental Trash 

All PPE wastes and incidental trash materials (e.g., wrapping or packing materials from supply cartons, 

waste paper) will be decontaminated (if contaminated), double bagged, securely tied shut, and placed in 

a designated waste receptacle at NSA Crane. 
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STANDARD OPERATING PROCEDURE 
SOP-11 

SUBSURFACE SOIL AND GROUNDWATER SAMPLING USING DIRECT-PUSH 
TECHNOLOGY 

1.0 PURPOSE 

This procedure provides general guidance and reference information on direct-push technology (DPT). 

DPT is designed to collect soil and groundwater samples without using conventional drilling techniques.  

The advantage of using DPT over conventional drilling includes the generation of little or no drill cuttings, 

ability to sample in locations with difficult accessibility, reduced overhead clearance requirements, no fluid 

introduction during probing, and typical lower costs per sample than with conventional techniques. 

Disadvantages include a maximum penetration depth of approximately 15 to 40 feet in dense soils 

(although it may be as much as 60 to 80 feet in certain types of geological environments), reduced 

capability of obtaining accurate water-level measurements, and the inability to install permanent 

groundwater monitoring wells. 

 

The methods described herein are specific for soil, groundwater, and soil gas samples at Naval Support 

Activity (NSA) Crane.  Guidelines by Southern Division, Naval Facilities Engineering Command (South 

Div NAVFAC, 1997) and the State of Indiana regulatory requirements in Article 16 (Water Well Drillers) of 

Chapter 310 of the Indiana Administrative Code (310 IAC 16) should be consulted.  

 

2.0 RESPONSIBILITIES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an 

experienced and efficient labor force capable of performing all phases of proper monitoring well 

installation and construction.   

 

Field Geologist - The Tetra Tech Field Geologist supervises and documents DPT activity performed by 

the driller, and insures that the soil and groundwater samples collected accurately representative the 

desired media and sample interval.  Geotechnical engineers, field technicians, or other suitable trained 

personnel may also serve in this capacity. 

 

All Field Personal – All field personal including, the drilling contractor personnel and other field staff, must 

have all of the health and safety training required to perform the work, as specified in the Health and 
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Safety Plan (HASP).   All field personnel shall be aware of the potential presence of underground utilities.  

Proper utility clearance must be obtained by the Tetra Tech Project Manager (PM) prior to any DPT 

activity.     

 

If the potential of Unexploded Ordnance (UXO) is present at the site, UXO clearance to six feet will be 

required for subsurface samples.  Every two feet the drill rig shall be withdrawn and a downhole 

magnetometer used to check for UXO.  If the presence of any UXO is suspected, the drilling location will 

be shifted two feet and drilling resumed.  A trained UXO technician will be part of the Tetra Tech field 

team.   

 

3.0 REQUIRED EQUIPMENT/ITEMS 

The list of equipment and items required for DPT sampling includes, but is not limited to:  

 

Health and safety equipment as required by the HASP and the Site Safety Officer. 

 

DPT Rig is supplied by the drilling subcontractor and may include the following:  

 4-foot x 2-inch diameter macrocore sampler 

 Probe sampling adapters 

 Disposable acetate liners for soil macrocore sampler 

 Cast aluminum or steel drive points 

 Geoprobe® AT-660 Series Large Bore Soil Sampler, or equivalent 

 Stainless steel screen point groundwater sampler (Geoprobe®, HydroPunchTM, or equivalent) 

 

55-gallon drums to containerize IDW (supplied by the drilling subcontractor). 

 

Required decontamination materials including distilled water, deionized water, paper towels, and stainless 

steel clamps.  

 

Writing utensil (preferably black ink), non-latex gloves, bound field logbook, chain-of-custody forms, 

sample labels, boring log, sample logsheets, engineer’s tape (or equivalent), and stainless-steel spoon or 

trowel. 

 

Required sample containers with appropriate preservative: All sample containers for analysis by fixed-

base laboratories will be supplied and deemed certified clean by the laboratory.  Additional sampling 

equipment as needed, such as photo-ionization detector (PID), flame-ionization detector (FID), Ziplock 

bags, calculator, wristwatch, and timer,  and cooler (containing ice), peristaltic pump, inertial lift pump, 
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silicon tubing, polyethylene (PE) tubing, water quality meter with a flow through cell, LaMotte 2020 

Turbidity Meter (or equivalent), water level indicator, 0.45 micron filter cartridge, trip blanks, and bucket to 

collect development/purge water. 

 

4.0 GLOSSARY 

Direct Push Technologies (DPT) -DPT refers to sampling tools and sensors that are driven directly into 

the ground without the use of conventional drilling equipment.  DPT typically utilizes hydraulic pressure 

and/or percussion hammers to advance the sampling tools.  

 

Geoprobe® is a manufacturer of a hydraulically-powered, percussion/probing machines utilizing DPT to 

collect subsurface environmental samples.  Geoprobe® relies on a relatively small amount of static weight 

(vehicle) combined with percussion as the energy for advancement of a tool string.  The Geoprobe® 

equipment can be mounted in a multitude of vehicles for access to all types of environmental sites.  

 

HydroPunchTM is a manufacturer of stainless steel and Teflon® sampling tools that are capable of 

collecting representative groundwater and/or soil samples without requiring the installation of a 

groundwater monitoring well or conventional soil boring. HydroPunchTM is an example of DPT sampling 

equipment.  

 

Flame Ionization Detector (FID) - A portable instrument for the measurement of many combustible 

organic compounds and a few inorganic compounds in air at parts per million levels.  The basis for the 

detection is the ionization of gaseous species utilizing a flame as the energizing source.  

 

Photoionization Detector (PID) - A portable instrument for the measurement of many combustible organic 

compounds and a few inorganic compounds in air at parts per million levels.  The basis for the detection 

is the ionization of gaseous species utilizing ultraviolet radiation as the energizing source.  

 

5.0 DPT SOIL SAMPLING PROCEDURES  

General  

The common methodology for the investigation of the vadose zone is soil boring drilling and soil 

sampling. However, drilling soil borings can be very expensive. Generally the advantage of DPT for 

subsurface soil sampling is the reduced cost of disposal of drilling cuttings and shorter sampling times.  
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DPT Sampling Methodologies  

 

There are several methods for the collection of soil samples using DPT drilling.  The most common 

method is discussed in the following section.  Variations of the following method may be conducted upon 

approval of the Tetra Tech PM in accordance with the project-specific plan.  

 

Macrocore samplers fitted with detachable aluminum or steel drive points are driven into the ground using 

hydraulic pressure.  If there is concrete or pavement over a sampling location, a Roto-hammer is used to 

drill a minimum 1.5-inch diameter hole through the surface material.  A Roto-hammer may also be used if 

very dense soils are encountered.  

 

The sampler is advanced continuously in 4-foot intervals, or less if desired.  No soil cuttings are 

generated because the soil which is not collected in the sampler is displaced within the formation.  

 

The sampler is retracted from the hole, and the 4-foot continuous sample is removed from the outer 

coring tube. The sample is contained within an inner acetate liner.  

 Attach the metal trough from the Geoprobe® Sampling Kit (or equivalent) firmly to the tail gate of 

a vehicle. If a vehicle with a tail gate is not available, secure the trough on another suitable 

surface.  

 Place the acetate liner containing the soils in the trough.  

 While wearing cut-resistant gloves (constructed of leather or other suitable material), cut the 

acetate liner through its entire length using the double-bladed knife. Then remove the strip of 

acetate from the trough to gain access to the collected soils. Do not attempt to cut the acetate 

liner while holding it in your hand.  

 Field screen the sample with an FID or PID (according to manufacturer’s Standard Operating 

Procedure [SOP]) and observe/examine the sample.  If appropriate, transfer the sample to 

sample bottles for laboratory analysis.  If additional volume is required, push an additional boring 

adjacent to the first and composite/mix the same interval.  Field compositing is usually not 

acceptable for sample requiring volatile organic compounds (VOCs) analysis.  

 Once sampling has been completed, the hole is backfilled with bentonite chips or bentonite 

cement grout, depending upon project requirements.  Asphalt or concrete patch is used to cap 

holes through paved or concrete areas.  All holes should be finished smooth to existing grade.  

 In the event the direct push van, truck, or track mounted rig cannot be driven to a remote location 

or a sampling location with difficult accessibility, sampling probes may be advanced and sampled 

manually or with air/electric operated equipment (e.g., jack hammer).  

 Sampling equipment is decontaminated prior to collecting the next sample.  
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6.0  GROUNDWATER SAMPLING PROCEDURES  
 

The most common methodology for the investigation of groundwater is the installation and sampling of 

permanent monitoring wells.  If only groundwater screening is required, the installation and sampling of 

temporary well points may be performed.  The advantage of temporary well point installation using DPT is 

reduced cost due to no or minimal disposal of drilling cuttings and well construction materials, and shorter 

installation/times sampling.  Two disadvantages of DPT drilling for well point installation are:  

 In aquifers with low yields, well points may have to be sampled without purging or development. 

 If volume requirements are high, this method can be time consuming for low yield aquifers.  

 

6.1 Sampling Equipment  

 

Equipment needed for temporary well installation and sampling using DPT includes, but is not limited to 

the following:  

 2-foot x 1 -inch diameter mill-slotted (0.005 to 0.02-inch) well point Connecting rods  

 Roto-hammer with 1.5-inch bit Mechanical jack  

 1/4-inch outside diameter (OD) PE tubing  

 3/8-inch OD PE tubing  

 Peristaltic pump  

 Standard decontamination equipment and solutions  

 

6.2 DPT Sampling Methodologies 

 

Once the water table has been encountered, a stainless steel screen point groundwater sampler 

(Geoprobe®, HydroPunchTM, or equivalent) will be driven by DPT to collect a groundwater sample at the 

water table. 

 

 Field screening of VOC vapors in the borehole shall be done using a FID or PID. 

 The screen point will be allowed to equilibrate for at least 15 minutes. 

 Once equilibration occurs, measurement of the static water level will be taken.  This initial water 

level measurement will be used to assess the amount of water present in the screen point and to 

determine the amount of silt and/or sand infiltration. 

 Development of the screen point will be accomplished using a peristaltic pump.   
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 Insert the intake end of a length of dedicated PE tubing to the bottom of the screen point and 

attach a length of silicon tubing (approximately 1 foot) to the discharge end of the PE tubing.  The 

silicon tubing will be threaded around the rotor of the pump and out of the pump. 

 The PE tubing will be lifted and lowered slightly while the pump is operating.  The maximum 

pump rate will be approximately 2 liters per minute during development; however the yield of the 

formation will dictate the pumping rate. 

 Measurement of pH, specific conductance, turbidity, dissolved oxygen, eH, salinity, and 

temperature shall be recorded every 5 to 10 minutes during the development process using a 

water quality meter and flow-through cell, with the exception of turbidity.  Turbidity measurements 

will be taken with a Lamotte Turbidity Meter from water collected from a T-connector with a valve 

inserted in the pump discharge tubing prior to entering the flow-through cell. 

 After removal of sediment from the bottom of the screen point, the screen point will be pumped 

until discharge water is visibly clear and no further sediments are being generated. 

 Stabilization is achieved after two consecutive readings taken at 5 to 10 minutes intervals of the 

following field parameters has occurred: 

 

 pH +/- 0.1 standard units 

 Turbidity +/- 10% for values greater than 1 NTU 

 Specific conductance +/- 3% 

 Temperature +/- 3% 

 eH +/- 10 millivolts 

 Dissolved oxygen +/- 10%  

 

 Samples will be collected using the peristaltic pump set at 0.2 liters per minute or lower, 

depending on the yield of the formation.  Samples (with the exception of samples to be analyzed 

for VOCs) will be collected directly from the pump discharge.  The pump shall continuously 

operate between development, purging, and sampling. 

 

 If the above condition(s) have not been met after three well volumes have been removed, this will 

be recorded on the field sample form and the groundwater sample will be collected. 

 

 Record the sample date and time (using military time) on a Tetra Tech Groundwater Sample Log 

Sheet and on a chain-of-custody form. 

 

 Record the sample date and time (using military time) on an adhesive-backed sample label and 

affix the sample label securely to the sample container. 
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 With the pump continuing to run, allow the pump discharge to flow gently down the inside of the 

sample container with minimal turbulence when filling sample containers.  Avoid immersing the 

discharge tube into the sample as the sample container is being filled. 

 

 Cap each container immediately after filling. 

 

 Place the sample container into a ziplock bag and then into a cooler containing ice. 

 

 Repeat the last four steps for each sample container collected. 

 

 The pump rate should not be adjusted after sampling has commenced.  If it becomes necessary 

to adjust the pump rate, document the change on the Tetra Tech Groundwater Sample Log 

Sheet. 

 

 All samples will be collected into pre-preserved bottles (if required) supplied by an approved 

laboratory.  The hierarchy of filling sample containers is as follows: 

 

 VOCs 

 Explosives 

 Total metals 

 Dissolved metals 

 Perchlorates 

 

 This hierarchy takes into consideration the volatilization sensitivity of groundwater samples.  The 

only deviation from this order will be the collection of samples for VOC analysis.  The collection of 

VOCs will be the final parameter collected due to the fact that VOCs will not be collected using 

the peristaltic pump. 

 

 A single-use, disposable, in-line 0.45-micron filter cartridge shall be used to collect dissolved 

metals samples.  Attach the filter cartridge to the discharge end of the pump tubing.   Prior to 

filling containers with filtered sample, rinse the filter cartridge with approximately 100 milliliters 

(mL) of water from the boring to be sampled.  Direct the discharge from the filter cartridge into the 

sample bottle and collect the filtered sample.  The laboratory will supply all sample containers, 

and the laboratory will pre-preserve sample containers where appropriate. 

 



NSA Crane RFI 
SAP for SWMU 11 

Revision: 0 
       Date:  March 2011 

Page 8 of 8 
 

   

 Once all of the sample containers have been filled (with the exception of those sample containers 

for VOC analysis), the pump shall be shut off.  Record the sample date and time (in military time) 

on an adhesive-backed sample label and affix the sample label securely to the sample container.  

Sample containers for VOCs will be filled by crimping the discharge end of the PE tubing 

(immediately after shutting off the pump).  Remove the inlet end of the PE tubing from the well, 

suspend the inlet tubing above the VOC sample container (pre-preserved 40 mL vial), and slowly 

allow water to fill each VOC sample container by gravity flow.  The discharge of sample from the 

PE tubing shall be accomplished in a manner that allows the water to gently flow down the inside 

of the sample container.  Sample containers for VOCs must be completely filled so that no 

headspace exists in the container. Record the end time for sampling on a Tetra Tech 

Groundwater Sample Log Sheet. 

 

 Once collection of samples is complete, the driller shall remove the screen point and the screen 

point will be decontaminated in accordance with the procedures outlined in the decontamination 

SOP. 

 

 If needed, continuous soil and groundwater sampling using DPT below the water table shall be 

done in accordance with those procedures outlined above. 

 

 After the groundwater samples have been collected, the driller shall retract the screen point 

sampler from the borehole and proceed to abandon the borehole with a grout pump using a 

cement bentonite grout mix from the bottom up to the ground surface. 

 

 When advancing a boring using DPT and refusal is encountered, the boring shall be deemed 

complete, drilling shall cease, and the borehole shall be abandoned with a grout pump using a 

cement bentonite grout mixture. 
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STANDARD OPERATING PROCEDURE 
SOP-12 

MONITORING WELL INSTALLATION 

1.0 PURPOSE 

This procedure provides general guidance and information pertaining to proper design and installation of 

ground water monitoring wells.  The methods described herein are specific for monitoring well 

construction at Naval Support Activity (NSA) Crane.  Guidelines by Southern Division, Naval Facilities 

Engineering Command, (South Div NAVFAC, 1997) and the State of Indiana regulatory requirements in 

Article 16 Water Well Drillers of Chapter 310 of the Indiana Annotated Codes (310 IAC 16) should be 

consulted.  

 

2.0 RESPONSIBILITIES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an 

experienced and efficient labor force capable of performing all phases of proper monitoring well 

installation and construction.  The drilling contractor personnel must have all of the health and safety 

training required to perform the work, as specified in the Health and Safety Plan (HASP).  

 

Field Geologist - The field geologist supervises and documents well installation and construction 

performed by the driller, and insures that the screen interval for each monitoring well is properly placed to 

provide representative groundwater data from the monitored interval.  Geotechnical engineers, field 

technicians, or other suitable trained personnel may also serve in this capacity. 

 

3.0 REQUIRED EQUIPMENT/ITEMS 

The following list includes equipment and items required for monitoring well installation:  

 

Health and safety equipment as required by the HASP and the Site Safety Officer. 

 

Well drilling and installation equipment with associated materials (typically supplied by the driller). 

 

Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable engineer’s rule, 

electronic calculator, clipboard, mirror and flashlight - for observing downhole activities, paint and ink 
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marker for marking monitoring wells, sample jars, well installation forms, boring logs, soil sample log 

forms, chain-of-custody records, sample coolers with ice, and a field notebook). 

 

4.0 WELL DESIGN AND CONSTRUCTION 

New wells will be installed only with Navy concurrence.  Based on observations and information gathered 

during the drilling of each hole, the total depth of the hole and the placement of the well screen will be 

determined at the discretion of the field geologist or the Field Operations Leader (FOL).  The decision 

concerning the monitored interval and well depth will be based on the following (and possibly other) 

information collected while the well bore is being drilled and logged: 

 

 The specific depths where poorly-cemented sandstone units, fractured rock, or other permeable rock 

zones are encountered, 

 

 The specific depths where above-average rates of ground water were brought to the surface during 

drilling, 

 

 The specific depth interval where contaminants (i.e., VOCs), if any, are encountered during drilling. 

 

All of this information will be recorded on the borehole log as the hole is drilled. 

 

Overburden drilling followed by diamond coring (if necessary) will be performed at borehole locations.  

For each well, the coring will proceed to the final depth of the borehole.  Once the coring has been 

completed and the core has been logged, then the hole will be reamed out with a 6 to 8-inch diameter air 

rotary bit.  The air rotary equipment must have a filter on the compressed air line going to the borehole to 

prevent oil and other organics from being introduced.  Once the hole has been completed to depth, the 

boring shall be cleaned out using the compressed air of the rig.  Note: all drilling equipment must be 

decontaminated before it is placed in a borehole.   

 

A 6-inch diameter steel isolation casing will be installed and pressure grouted in the deep wells to seal the 

upper groundwater from deep groundwater.  The grout will be allowed to cure for a minimum of 24 hours 

before resuming coring and reaming to the total depth of the borehole. 

 

All monitoring wells will be constructed of schedule-40, flush-joint threaded, 2-inch inside diameter (ID) 

polyvinyl chloride (PVC) riser pipe and flush joint threaded, factory slotted well screen with a threaded 

end cap.  The well screens will be factory slotted to 0.020-inch size.  Each section of well casing and 

screen shall be National Sanitation Foundation (NSF) approved.  Well screens will be 10-feet long, but 
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may be longer or shorter based on the subsurface conditions encountered.  A PVC cap will be placed on 

the bottom and will also be flush-threaded. Thermoplastic pipe shall comply with ASTM F-480 (1981).  

Other means of joining casings using glue, gaskets, pop rivets or screws are not allowed.  The screen 

shall pass no more than 10 percent of the pack material, or in-situ aquifer material. 

 

Monitoring wells will be installed immediately upon completion of drilling.  A well screen section with 

bottom cap and the proper amount of riser pipe will be assembled and lowered down the borehole.  

Spacers may be used to ensure that the casing and screen are centered and are aligned straight.  Clean 

silica sand pack will be installed through the borehole.  The sand pack will be extended from 0.5 feet 

below the well screen to 2.0 feet above the top of the well screen.  Clean silica sand of U.S. Standard 

Sieve Size No. 20 to 40 will be used.   

 

A minimum 2-foot thick bentonite pellet seal will be installed above the filter pack and allowed to hydrate 

as determined by field geologist before grout is added above the seal.  Only 100-percent, certified pure, 

sodium bentonite will be used for well construction.  The depths of backfill materials will be constantly 

monitored during well installation using a weighted stainless steel or fiberglass tape measure. 

 

The remaining annulus above the hydrated bentonite seal will be backfilled to the surface using a tremie 

pipe, with a 20:1 cement/bentonite grout.  A maximum of 10 gallons of water per 94-pound bag of Type-1 

cement will be used. The grout mixture should be blended in an above-ground rigid container or mixer to 

produce a thick lump-free mixture.   

 

Bentonite expands by absorbing water and provides a seal between the screened interval and the 

overlying portion of the annular space and formation.  Cement-bentonite grout is placed on top of the 

bentonite pellets extending to the surface.  The grout effectively seals the well and eliminates the 

possibility for surface infiltration reaching the screened interval.  Grouting also replaces material removed 

during drilling and prevents hole collapse and subsidence around the well.  A tremie pipe should be used 

to introduce grout from the bottom of the hole upward, to prevent bridging, and to provide a better seal.  

However, in shallow boreholes that don't collapse, it may be more practical to pour the grout from the 

surface without a tremie pipe. 

 

When the well is completed and grouted to the surface, a protective steel surface casing is placed over 

the top of the well.  The finished well casing shall extend at least 2 ft above the ground level.  This casing 

will have a cap that will be locked to prevent vandalism.  A vent hole shall be provided in the cap to allow 

venting of gases and maintain atmospheric pressure as water levels rise or fall in the well.  The protective 

casing has a larger diameter than the riser pipe and is set into the wet cement grout over the riser upon 

completion.  In addition, one hole is drilled just above the cement collar through the protective casing 
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which acts as a weep hole for the flow of water which may enter the annulus during well development, 

purging, or sampling. 

 

Four barrier posts shall be placed at the corner of a 3 foot by 3 foot by 6 inch thick concrete pad located 

at the ground surface. 

 

5.0 DOCUMENTATION OF FIELD ACTIVITIES 

A critical part of monitoring well installation is recording of significant details and events in the site 

logbook, on field forms, and a field logbook.  

 

All installed wells must be registered with the NSA Crane Environmental Protection Department.  The 

following information must be supplied to NSA Crane for each well as soon as this information is known: 

 

 Tag number 

 Installation Name (i.e., NSA Crane) 

 Contract Task Order number (CTO F273) 

 TtNUS project number 

 Well identification number 

 Date installed 

 Installer (i.e., TtNUS) 

 Total well depth 

 Screened interval 

 Elevation (Top of casing) 

 Northing coordinate (ft) 

 Easting coordinate (ft) 

 Survey coordinate reference system 

 Information point of contact. 

 

6.0 ATTACHMENTS 

1. Bedrock Monitoring Well Sheet 

2. Overburden Monitoring Well Sheet 
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ATTACHMENT 1 

BEDROCK MONITORING WELL SHEET 

 

 

PROJECT: 

PROJECT No.: 

SITE· 

GEOLOGIST: 

GroLnd El .. a1i(1n • 

Dall.m MSL 

BEDROCK 

MONITORING WELL SHEET 

______ DRILLING Co .. 

_____ DRILLER: 

______ DRILL ING METHOD: 

DEV. METHOD: 

WELL No .. 

BORING No.: 

DATE COMPLETED: 

NORTHING· 

EASTING: 

of Top of Casing: 

r-l.\-___ \-_ ,s .. ;~'~"u;p" of Ca!iing Above Ground Surfac,,· 
of Top of Riser · 

I.---\-- 1.0. of Surface Casing: 

Type 01 Surface Casing: ______ _ 

Type of Surface Seal: -======= '----+-- 'D. of Perm,ment Casing.:. 

1.0. of ROOr: 

Type of Rise r: 

--1-- ,".,,"'"1 Diameter: 

Type 01 Backfill: 

::~~::~::~::: I Depth Top of Seal: 
I Depth Top of Bedrock: 

" 
Elevation I Depth of Top of Fine Sand : 
Elevation I Depth of Top of FiRe r Pack: 
Elevation I Depth of Top of Screen : 

Type of Screen: 

Siol S ize x length: 

I.D. of Screen · 

Type 01 Filler Pack: 

___ -j_ Di ~meter of Hole in Bedrock· 
Core I Ream· ______ _ 

___ -1_ Elevation I Depth of Bottom of Screen · 

",,,,,--1--,,~"""" I Total Depth of Borehole: 

I 
I 

I 

I 

PROJECT: 

PROJECT No.: 

SITE: 

GEOLOGIST: 

BEDROCK 

MONITORIN G WELL SHEET 

WELL No.: 

______ DRILLING Co .. 

_____ DRILLER: 

______ DRILLING METHOD: 

BORING No.: 

DATE COMPLETED: 

NORTHING: 

DEV. METHOD: EASTING: 

01 Top 01 Casing: 

r- H'---+- ,S".;,'.~U",P;"OI Casing Abov"" Ground Sur/lie",, · 
of Top of Riser· 

I.---f- 1.0. of Surface Casing: 

Type of Surface Casing: _____ _ 

Type of Surface Seal: -====== '--+- 0.0.. of Permanent Casing..:. 

1.0 . of Riser: 

Type of Rise" 

Type 01 Backlill : 

:::;J=:::::::::: I Depth Top of Seal: 
I Depth Top 01 Bedrock: 

" 
Elevation I Depth 01 Top of Fine Sand: 
Elovation I Depth of Top 01 FiKer Pack: 
Elevation I Depth 01 Top 01 Screen; 

Type 01 Screen: 

Slot Si.:e x Length; 

1.0.01 Screen: 

Typo 01 Filler Pack; 

___ +_ Diameter 01 Hole in s"drock· 
Core I Ream: _____ _ 

___ +_ Elowa!ion I Depth 01 Botlom 01 Screen: 

_+_""""'0" I Total Depth of Borehole: 

I 
I 

I 
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ATTACHMENT 2 

OVERBURDEN MONITORING WELL SHEET 

 

 

PROJECT No,: 
SITE 
GEOLOGIST 

BORING NO. ___ _ 

OVERBURDEN MONITORING WEll SHEET 

I 
DRILLER: 
DRILLING METHOD 
DEV. METHOD ' 

I 
DATE 
NORTHING: 
EASTING-

OF SURFACE CASING: 

·Up TOP OF SURFACE CASING 

OF RISER PIPE; 

STICK.up ABOVE GROUND SURFACE: 

TYPE OF 

GROUNO ELEVATION: 

SURFACE SEAL 

TYPE OF RISER PIPE ' 

'"===:j:==: ~~:::~~'~~ DLAMETER: I- SEAL: 

:==~~== :::;:~;~o~~ DEPTH OF SEAl 
SEAL: 

+---+---""''''0", DEPTH TOP OF FILTER PACK: 

+-__ + ___ ""''''0"' ""',,m, OF SCREEN 

---t---~" 0' SCREEN: 

SLOT SIZE X LENGTH-

I,D. OF SCREEN: 

e---+---""" 0 ' FILTER PACK: 

-===:j:==: :~::::;::~:: DEPTH BOTTOM OF SCREEN' 
- DEPTH BOTTOM OF FILTER PACK: 

TYPE OF 8ACKFILL 8ELOW 

WELL 

PROJECT No, : 
SITE 
GEOLOGIST: 

ELEVA 

BORING NO.:'---__ _ 

OVERBURDEN MONITORING WELL SHEET 

I I 
DRILLER: 
DRILLING METHOD: 

DATE 
NORTHING: 

DEV. METHOD' EASTlNG: 

OF SURFACE CASING: 

.uP TOP OF SURFACE CASING; 

OF RISER PIPE: 

STlCK.uP ABOVE GROUND SURFACE: 

TYPE OF SURFACE CASING: 

GROUND ELEVATION: 

SURFACE SEAL: 

T'fPE OF RISER PIPE ' 

'"===:j:==: ~~:::;,~'~~ OIAMETER ' I- SEAL: 

:==~~==:::;~~:~~ OEPTH OF SEAl SEAL: 

+---+---'''''.,,""' DEPTH TOP OF FILTER PACK: 

---t---~" 0 ' SCREEN: 

SLOT SIZE X LENGTH: 

1,0 . OF SCREEN: 

e---+---r""o, FILTER PACK: 

-===:j:==: :~:::::~:: OEPTH BOTTOM OF SCREEN' 
- DEPTH BOTTOM OF FILTER PACK: 

TYPE OF BACKFILL BELOW 

WELL: 
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STANDARD OPERATING PROCEDURE 
SOP-13 

MONITORING WELL DEVELOPMENT 

1.0 PURPOSE 

This procedure provides general guidance and information pertaining to proper development of new and 

existing monitoring wells.  The methods described herein are specific for monitoring wells located at 

Naval Support Activity (NSA) Crane.  Guidelines by Southern Division, Naval Facilities Engineering 

Command, (South Div NAVFAC, 1997) and the State of Indiana regulatory requirements in Article 16 

Water Well Drillers of Chapter 310 of the Indiana Annotated Codes (310 IAC 16) should be consulted.  

 

2.0 RESPONSIBILITIES 

The drilling contractor will provide adequate and operable equipment, sufficient quantities of materials, 

and an experienced and efficient labor force capable of performing the development of monitoring wells.  

The drilling contractor personnel must have all of the health and safety training required to perform the 

work, as specified in the Health and Safety Plan (HASP). 

 

3.0 REQUIRED EQUIPMENT/ITEMS 

The following list includes equipment and items required for monitoring well installation:  

 

Health and safety equipment as required by the HASP and the Site Safety Officer. 

 

Well development equipment with associated materials (typically supplied by the driller). 

 

Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable engineers rule, 

electronic calculator, clipboard, mirror and flashlight - for observing downhole activities, paint and ink 

marker for marking monitoring wells, sample jars, well installation forms, and a field notebook). 

 

4.0 WELL DEVELOPMENT METHODS 

The development of new wells shall not occur until at least 24 hours after the well has been installed and 

grouted.  This time is required so that the grout in the annulus can set and harden.  The purpose of well 
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development is to stabilize and increase the permeability of the sand pack and the well screen, and to 

restore the permeability of the formation which may have been reduced by drilling operations.  Wells are 

typically developed until all fine material and drilling water, if any, is removed from the well. 

 

Sequential measurements of pH, specific conductance, turbidity, and temperature will be taken during 

development.  Development should proceed until criteria are met as stated in Navy Guidelines.  

 

Vigorous on-and-off pumping or a surge block will be used for development. 

 

A surge block that is approximately the same diameter as the well riser will be used to agitate the water, 

causing it to move in and out of the screens.  This movement of water pulls fine materials into the well, 

where they may be removed by any of several methods, and prevents bridging of sand particles in the 

gravel pack.  There are two basic types of surge plungers; solid and valved surge plungers.  Site-specific 

conditions will dictate which type will be used.  In formations with low yields, a valved surge plunger may 

be preferred, as solid plungers tend to force water out of the well at a greater rate than it will flow back in.  

Valved plungers are designed to produce a greater inflow than outflow of water during surging. 

 

Development should proceed until three consecutive pH, specific conductance, and temperature readings 

are within 10 percent of each other and three consecutive turbidity readings are within 5 Nephelometric 

Turbidity Units (NTUs) of each other.  If these criteria cannot be met after five volumes of water have 

been removed, then one additional well volume will be removed and well development will be considered 

complete. 

 

If for any reason the above criteria cannot be met, the site geologist should document the event in writing 

and consult with the TtNUS Project Manager (PM) regarding an alternate plan of action. 

 

Well development must be completed at least 24 hours before well sampling.  The intent of this hiatus is 

to provide time for the newly installed well and backfill materials to sufficiently equilibrate to their new 

environment and for that new environment to re-stabilize after the disturbance of drilling. 

 

5.0 ATTACHMENTS 

1. Monitoring Well Development Record 

 



N
S

A
 C

rane R
FI 

S
AP

 for SW
M

U
 11 

R
evision:  0 

       D
ate:  M

arch 2011 
P

age 3 of 3 
  

 
 

A
TTA

C
H

M
EN

T 1 

M
O

N
ITO

R
IN

G
 W

ELL D
EVELO

PM
EN

T R
EC

O
R

D
 

 

 

MONITORING WELL DEVELOPMENT RECORD Page ___ of __ _ 

Well : _______________ Depth to Bottom (It.): _________ Responsible Personnel : __________________ _ 
Site: ________________ Static Water Level Before (ft. ): _____ Drill ing Co.: ________________________ _ 
Date Installed : ___________ . Static Water Level A fter (ft.): _______ Project Name: _______________________ _ 
Date Oeveloped: __________ Screen Length (fl.): ___________ Project Number: _____________________ _ 
Dev. Method: ___________ SpecifIC Cap<lC~y: __________ _ 
Pump Type: ____________ Casing 10 (in .): ____________ _ 

Time Estimated Cumulative Water level Temperature pH Specific Turbidity 
Sediment Water Readings (Oegrees C) Cooductance (NTU) RemaM 
ThiCKness Volume (Ft. below TOC) (Unlts ___ l (odor, color, etc.) 

(Ft.) (GaL) 

Well : 
Site: 
Date Installed: 
Date Developed : 
Dev, Method: 
Pvmp Type-

TI~ Estimated Cumulative 
Sediment Water 
Thickness Volume 

(Ft.) (GaL) 

MONITORING WELL DEVELOPMENT RECORD P,,, _ ol __ _ 

Depth to Bottom (It): 
Stalic Water Level Before (ft. ): 
Stalic Water level After (ft,): _ 
Screen Length (ft .): 
SpecifIC Capacity: 
Casing ID (in .): 

Water level Temperature 
Readings (Degrees C) 

1Ft. below TOC) 

pH 

ResponSilJ li!i:'~""~"~"'~'=' ~~~~~~~~~~~~ Drill ing Co.: 
Project Name: 
Project Number: 

Specific Tumidi ty 
Conductance {NTU) RemaM 
{Unlts __ 1 (odor, color, etc.) 
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STANDARD OPERATING PROCEDURE 

SOP-14 

MEASUREMENT OF WATER LEVELS 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes procedures for determining water levels in 

monitoring wells.   

 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT  

The following equipment and field forms are required for determining water levels in monitoring wells.  

  

Ground Water Level Measurement Form: A copy of the Ground Water Level Measurement Form is 

attached. 

Bound Field Log Book   

Photoionization Detector (PID) 

Well Key  

Electronic Water-Level Indicator: The water level indicator must have a cable of sufficient length to 

reach the water surface and be capable of measurements of 0.01 feet.  

Decontamination Supplies  

 

3.0 WATER-LEVEL MEASUREMENT PROCEDURES 

3.1 Check the operation of the electronic water level indicator or interface meter.      

 

3.2 Record the well identification (ID), date, and time (using military time) on the Ground Water-Level 

Measurement Form. 

 

3.3 Unlock the well and remove the well cap. 

 

3.4 Place the well cap on a clean piece of plastic. 

 

3.5 Check the well for the presence of organic vapors in the 2-inch PVC riser pipe as follows: 
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1. Calibration of the PID shall be done in accordance with appropriate calibration 

procedures. 

 

2. Insert the PID sample inlet straw approximately three inches into the riser pipe. 

 

3. Record the PID reading on the Ground Water Level Measurement Form.  If the reading is 

less than concentrations specified in the site-specific Health and Safety Plan (HASP), 

proceed to step 3.6.  If the reading is greater than the concentration specified in the 

HASP, measure the concentration in the breathing zone.  If the concentration in the 

breathing zone is less than the concentration specified in the HASP, proceed to Step 3.6.  

If the reading is greater than the specified concentration, allow the riser pipe to ventilate 

for ten minutes and repeat the measurement of breathing zone concentrations until the 

concentrations fall below the level specified in the HASP before proceeding to step 3.6.  

 

3.6 Ensure that the water level indicator probe has been decontaminated before use. 

 

3.7 Slowly lower the probe into the well riser pipe (or into the surface water for staff gages) until an 

audible and/or visible signal is produced, indicating contact with the water surface. 

 

3.8 Read the water level measurement from the top of the inner casing (or from the staff gage 

reference point) at the surveyed reference point to the nearest 0.01-foot. 

 

3.9 Record the water level measurement on the Water Level Measurement Form.  

 

3.10 Wind the meter cable measuring tape back onto the spool. 

 

3.11 Replace the well cap and lock.  

 

3.12 Decontaminate the meter's probe and cable. 

 

4.0 ATTACHMENTS 

1. Water Level Measurement Sheet 
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ATTACHMENT 1 

WATER LEVEL MEASUREMENT SHEET 

 

 

WATER LEVEL MEASUREMENT SHEET 

l'roj ""t Nam e: P roject No.: 

(.o<:31iO": 1'.,..~o "n .. l: 

W"~ th,,r Cundi li o n.: M ""SU ri n l{ D",';"": 

T id" Uy In n u" n c."I: 'M ,. Rcma~k;c: 

1I'~11 0, ~; 19,·.'1~" of To •• 1 11' ... . 1 . ..-.1 Th l~~''''''''Dr G ... " .. " " ... '~r 
PI • • qon., ,, ~ ' " TI 'M R.f .... ,,"" Pol", W.II o.,p,h I " dieM '" '' R • • d l" .... Prod...,. F.l ..... M'l o" c..m '''. '''~ 

1'1"","". (f""' l' (f"")'" (f ... )' «(99 ' )'" «('9')' 

·~_"''' .... _QO,_ 
Page 01 _ 

WATER LEVEL MEASUREMENT SH EET 

l'roj""l Nam ... P rojeci No.: 

Loc:3 ti "m: 1' .... 80n" .. I: 

\V"R l he r Cu n d;I ;"",,: Me .. surin l{ De"ice: 

Tid:,J ly I n nu"n~"d: V .. ,. R" n .. ~~k;c: 

11'.110. t; l~n';~" of TQ'~I 11'''0.1.","01 Thl ~~" ..... or n ... ,,,,d ..... '.r 
PI.,.."o., •• ~'" Tlofte R. r ...... "" p"; ,,, 11'.11 D.,.,h l"dloR'o.' R •• ~ ; .. • ... P,""""", ~;l""R1I~" c..",,,,. ,, .. 

N',,.,I .... ( f ... t)~ (f"")' (fee' )' (fpe 'J"" (r ••• )· 

·Nl-... .. ...-... ,,"'_OO'_ 
Pag~ Of 
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STANDARD OPERATING PROCEDURE 

SOP-15 

LOW-FLOW WELL PURGING AND STABILIZATION 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes the procedure for well purging and stabilization 

utilizing low-flow techniques. 

 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

The following field forms and equipment are required for low-flow purging. 

 

Low-Flow Purge Data Sheet: A copy of this form is attached at the end of this SOP. 

Ground Water Sample Log Sheet: A copy of this form and instructions for its completion are included in 

SOP-16.  

Bound Field Log Book 

Well key  

Electronic water level indicator: The water level indicator must have a cable of sufficient length to reach 

the water surface and be capable of measurements of 0.01-feet. 

Electronic Programmable Controller, model 400 or comparable: This controller regulates air flow in a 

bladder pump. 

Cylinder of compressed nitrogen with regulator: Compressed gas serves as the power source for the 

bladder pump. 

Multiple parameter water quality meter: This unit measures and displays field parameters measured in 

the field including pH, dissolved oxygen, oxidation-reduction potential (ORP), temperature, and specific 

conductance. 

Flow-through cell adapter for water quality meter  

LaMotte Turbidity Meter or comparable: Used to measure turbidity. 

Purge water containers 

Graduated cylinder and stopwatch: Used to calculate flow rate. 
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3.0 PROCEDURES FOR WELL PURGING 

3.1 Prior to mobilizing to the site, clean, check for proper operation, and calibrate as per manufacturer 

requirements above equipment as necessary. 

 

3.2 Obtain a static water level measurement of the well to be purged.  Record the information on the 

Ground Water Sample Log Sheet and the Low-Flow Purge Data Sheet.  Leave the water level 

meter suspended in the well casing.   

 

3.3 Calculate one well casing volume as follows: 

 

1. Obtain the total depth of the well. 

  

2. Using the static water level determined in Step 3.2 of this SOP and the total depth of the 

well, calculate the well casing volume using the following formula:  

 

V   =   (0.163)(T)(r2) 

 

  where:   

   V = Static casing volume of well (in gallons). 

   T = Vertical height of water column (linear feet of water).  

0.163 = A constant conversion factor which compensates for the 

conversion of the casing radius from inches to feet, the 

conversion of cubic feet to gallons, and pi. 

   r = Inside radius of the well casing (in inches).  

 

Note: For wells of 1-inch radius (2-inch diameter) V = 0.163 gallons per foot of water column.  

 

3.4 Connect the pump controller to the well pump air supply (at the well cap) by following the 

instructions in the pump control manual.  The pump controller must be turned off when being 

connected. 

 

3.5 Connect the nitrogen cylinder to the pump controller.  The nitrogen cylinder valve must be closed 

and the regulator line pressure set at zero pounds per square inch (PSI) when being connected. 
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3.6 Following the instructions found in the water quality meter manual, connect the flow-through cell to 

the pump discharge line (at the well cap). 

 

3.7 Place the discharge tubing from the flow-through cell to direct the purge water discharge into the 

graduated cylinder or purge-water container. 

 

3.8 Following the instructions in the pump controller manual, start pumping water from the well.  

 

3.9 Start with the initial pump rate set at approximately 0.1 liters/minute. Use the graduated cylinder 

and stopwatch to measure the pumping rate.  Adjust pumping rates as necessary to prevent 

drawdown from exceeding 0.3 feet during purging.  If no drawdown is noted, the pump rate may 

be increased (to a max of 0.4 liters/minute) to expedite the purging and sampling event. The 

pump rate will be reduced if turbidity is greater than 10 Nephelometric Turbidity Units (NTUs) after 

all other field parameters have stabilized. If ground water is drawn down below the top of the well 

screen, purging will cease and the well will be allowed to recover before purging continues.  Slow 

recovering wells will be identified and purged at the beginning of the workday.  If possible, 

samples will be collected from these wells within the same 8-hour workday and no later than 24 

hours after the start of purging. 

 

 The time to sample any given well will vary greatly due to the many variables associated with low 

flow purging and sampling, such as: 

 

 Stabilization of parameters 

 Possible draw down 

 Analytical changes from quarter to quarter 

 Varying QA sample requirements from quarter to quarter  

 Variable pump rates 

  

Normally, the time from the start of purging to the end of sampling will be between 1 to 4 hours.  

 

3.10 Measure the well water level using the water level meter every five to ten minutes.  Record the 

well water level on the Low-Flow Purge Data Form (attached at the end of this SOP). 

 

3.11 Record on the Low-Flow Purge Data Form every five to ten minutes the water quality parameters 

(pH, specific conductance, temperature, turbidity, oxidation-reduction potential, and dissolved 

oxygen) measured by the water quality meter and turbidity meter.  If the cell needs to be cleaned 
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during purging operations, continue pumping (allow the pump to discharge into a container) and 

disconnect the cell.  Rinse the cell with distilled water.  After cleaning is completed, reconnect the 

flow-through cell and continue purging.  Document the cell cleaning on the Low-Flow Purge Data 

Form. 

 

3.12 Measure the flow rate using a graduated cylinder.  Remeasure the flow rate any time the pump 

rate is adjusted. 

 

3.13 During purging, check for the presence of bubbles in the flow-through cell.  The presence of 

bubbles is an indication that connections are not tight.  If bubbles are observed, check for loose 

connections.   

 

3.14 Stabilization is achieved and sampling can begin when a minimum of one casing volume has 

been removed and three consecutive readings, taken at 5 to 10 minute intervals, are within the 

following limits: 

 

  pH  0.1 standard units 

  Specific conductance  3% 

  Temperature  1.0 ºC 

  Turbidity less than 10 NTUs 

 

If the above conditions have still not been met after the well has been purged for four hours, purging 

will be considered complete and sampling can begin.  Record the final well stabilization parameters 

from the Low-Flow Purge Data From onto the Ground Water Sample Log Form. 

 

If there is a need to leave a well during purging, there are two options: 

 

 One, if the sampler must move for 30 minutes or less but still has a clear line of sight to the 

well, the sampler may leave the pump running and watch the well until the sampler is able to 

return to the well.  

 

 Two, if for whatever reason, the sampler must stop purging for an extended period of time or a 

clear line of sight cannot be maintained, the pump and cell will be shut-down.  All equipment 

and supplies will be loaded into the sample vehicle, and the well will be secured before 

departing. 
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In both cases, the time purging was stopped and restarted will be noted on the Low-Flow Purge 

Data Form.  

 

3.15 Once sampling activities have been completed, turn the pump off.  Remove pump, hoses, cables, 

and other equipment from the well. 

 

3.16 Decontaminate pumps, hoses, cables, flow-through cell, and other equipment. 

 

4.0 ATTACHMENTS 

1. Low-Flow Purge Data Sheet 
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LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME ' WELL ID ' .. 

Time Water Level Flow pH Condo Turb . DO Temp. ORP 
Comments 

(H",.j • (ft. below TOc) fmUMin-.) (S.U .I ·· • (mSlcm- iNTUI I (molLj I (Celciu6) mV 

SIGNATURE(S): _________________ _ PAGE __ OF __ 

LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME' WELL ID' .. 
PROJECT NUMBER: DATE: 

Time Water Level Flow pH Condo Turb. DO Temp. ORP 
Comments 

• (H"'.I . (ft. below TOC) mUMin.) (S.U .I • (mSfcm iNTUI I (moIL) I (Celcius) mV 

SIGNATURE(S): ___________ _ 
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STANDARD OPERATING PROCEDURE 
SOP-16 

MONITORING WELL SAMPLING 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes the procedure for monitoring well sampling.  Low-

flow sampling techniques will be used for ground water sampling at Naval Support Activity (NSA) Crane. 

 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

The following field forms and equipment are required for low-flow sampling of monitoring wells: 

Ground Water Sample Log Form: A copy of this form is attached at the end of this SOP. 

Bound field log book 

Chain-of-Custody Form 
Bladder Pump 

Surgical Gloves 

Labeled sample containers: Sample containers are certified clean by the laboratory supplying the 

sample containers. 

Tag for each sample container 

Plastic storage bags 

Shipping containers with ice 
 

3.0 MONITORING WELL SAMPLING PROCEDURES 

3.1 Ground water sampling may be initiated when the monitoring well has been purged and 

stabilized. 

 

3.2 Record the sample start time (using military time) on the Ground Water Sample Log Sheet.  

Record the field measurements for pH, oxidation-reduction potential (ORP), specific conductance, 

temperature, dissolved oxygen, and turbidity. 

 

3.3 With the pump continuing to run, disconnect the flow-through cell from the pump discharge tube 

and immediately start filling sample bottles directly from the pump discharge.  All sample 
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containers will be supplied by the laboratory, and the laboratory will pre-preserve all sample 

containers, where appropriate. 

 

3.4 Allow the pump discharge to flow gently down the inside of the container with minimal turbulence 

when filling sample containers.  Avoid immersing the discharge tube into the sample as the 

sample container is being filled.  Sample containers for volatile organic compounds (VOCs) must 

be completely filled so that no headspace exists in the container.  The VOC vials shall be filled to 

the top so that a convex meniscus is formed.  Gently secure the cap, turn the vial upside down, 

and check to see if any air has been trapped inside the vial.  If so, open the cap, reform the 

meniscus, and attempt again to secure the lid without trapping air in the sample.  All other sample 

containers can have air space included when the container lid is secured. 

 

3.5 Cap each container immediately after filling. 

 

3.6 Record the sample time on the Ground Water Sample Log Form, the sample tag, and on the 

sample label. 

 

3.7 Secure the associated tag to each sample container.  

 

3.8 Place the tagged sample container into a plastic storage bag and then into a cooler containing 

ice. 

 

3.9 Enter the proper information on the Chain-of-Custody form for each sample container. 

 

3.10 Repeat steps 3.3 through 3.9 for each sample container collected. 

 

3.11 The pump rate should not be adjusted after sampling has commenced.  If it becomes necessary 

to adjust the pump rate, document the change on the Ground Water Sample Log Form. 

 

3.12 All samples will be collected into pre-preserved bottles (if required) supplied by an approved 

laboratory.  All samples will be collected in the following sequence (where applicable): 

 

Volatile Organic Compounds (VOCs) 

Appendix IX Metals 
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3.13 If the last turbidity measurement prior to the commencement of sampling showed turbidity to be 

greater than 5 Nephelometric Turbidity Units (NTUs), then filtered aliquots of ground water will be 

collected and analyzed for dissolved metals and dissolved thorium isotopes.  Without turning off 

the pump, attach a disposable, inline, 0.45-um filter cartridge at the end of the discharge tube.  

Fill sample containers marked for "dissolved metals" so that the laboratory knows that these 

aliquots are distinct sample fractions and that the results should be reported as dissolved 

analytes.   Samples scheduled for VOC analysis shall not be filtered. 

 

3.14 Repeat steps 3.5 through 3.9 for the filtered sample containers. 

 

3.15 After completion of sample collection, remove the bladder pump from well and decontaminate. 

 

3.16 Replace the outer protective well cap and lock the well.   

 

3.17 All equipment should be cleaned and packed into the sample vehicle, along with the sample 

cooler for transport.  Disposable gloves and other equipment should be placed in a plastic trash 

bag and handled as investigation derived waste. 

 

4.0 ATTACHMENTS 

1. Ground Water Sample Log Sheet 
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ATTACHMENT 1 

GROUND WATER SAMPLE LOG SHEET 

 

 

GROUND WATER SAMPLE LOG SHEET 

Page of - -

Project Site Name Sample ID No. 
Project No ,: Sample Location: 

Sampled By: 
II Domestic Well Data COC No .. 

II Mon~oring Well Data Type of Sample: 
II OtherWe l1 Type: II Low Concentration 
II QA sample Type: II High Concenlration 

SAMPLING DATA: 

Oate: ,o~ ," S,C. Temp. Turbidity 00 '"" '"" Tim,,: Vbu.l SIOIIdlrd mS!cm 'c m" "11}1 
M&1hod: 

PURGE DATA: 

Dat,,: Volume ," S.C. Temp. (C) Turbidity 00 '"" '"" M&1hod: 

Monitor R&adirIQ (ppm): 

W~l Casing D;ameter & Material 

ITypt: 

Total Well D9p1h (TO): 

Stati~ Water LA ... t (WL): 

One CMi V{MU'n/l{ ". 
Start Purge (I'n): 

,,,"" e (hfS): 

Total Pur(Je Time (min· 

Total VoL Pu"g~ (gallL)· 

SAMPLE COLLE;CTION INFOflMATION: 

AM " P .... Sft rvalMl Cont3in&r Rftquirnm&n15 Collftctftd 

OaSERVATIONSI NOTES:' 

, i!~." . ApP. ic,abl.; SignaturOiI): 

MSJMSD Duplicate 10 No .. 

, • • ~"" 

GROUND WATER SAMPLE LOG SHEET 

Page of 

Project Site Name : Sample ID No.: 
Project No.: Sample Location: 

Sampled By: 
II Domestic Well Data coe. No.: 

II Mon~oring Well Data Type of Sample : 
II other Well Type: [] Low Concentration 
II QA Sample Type: II High Concentration 

SAMPLING DATA: 

Date: 'o~ " S ,C. Temp. Turbidity 00 '"0 '"0 
Timu: VI"".I SIO"d . rd mS'rm 'c '"" "~, 
Ma!hod: 

PURGEOATA: 

Datu: Volum~ " S .C. T~mp.(C) Turbidity 00 ," ," 
MIIIhod: 

Monit.-.- R .. ading (ppm): 

W.!I Casing [);ame!er & Mat_rial 

ITyp.: 

Total Well D9p1h (TO): 

Stati~ Waw.- Le vel (WL): 

One C"'; V'"'-""~ III : 

Star! FV90I (hrs): 

End P..- • (hrs): 

Total Plr(le TinVI (min): 

Tot .. V~. Plrgf<l (9"1l): 

SAMPLE COllECTION INFORMATION , 

A .. " PrtI. e rvallve cont31Mr Re quireme nts ColI &ct&d 

OBSERVATIONS I NOTES: 

, I r~k . App k;abl" . gnaturfia): 

MSiMSO Ouplica te 10 No .. 

0 • • ~"" 
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STANDARD OPERATING PROCEDURE 
SOP-17 

CALIBRATION AND CARE OF WATER QUALITY METERS 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes the procedures for the calibration and 

maintenance of field instruments used to measure water quality and for the proper documentation of 

calibration and maintenance.  The YSI 600-Series Environmental Monitoring System or the Horiba U20–

Series multi-parameter water quality monitoring system will be used to measure pH, temperature, 

oxidation-reduction potential (ORP), specific conductance (SC), and dissolved oxygen (DO) in water.  A 

LaMotte turbidity meter will be used in conjunction with the water quality meter to measure turbidity.  The 

water quality meter will have  a multiprobe sensor that can be used in conjunction with a flow-through cell 

attached to a pump discharge tube to measure water-quality parameters in a ground water discharge or 

can be immersed in a surface water body such as a stream, pond, or drainage ditch.  The LaMotte is a 

hand held meter that uses a multi-detector optical configuration to assure long term stability and minimize 

stray light and color interferences.  All comparable equipment used in place of the equipment items 

identified in Section 2.0 below must be comparable in terms of sensitivity, accuracy, and precision. 

 

2.0 FIELD FORMS AND EQUIPMENT LIST 

The following logbooks, forms, equipment, and supplies are required: 

 

Site logbook 

Equipment calibration log sheet 

YSI Model 600 Series and Sonde or Horiba U20 Series, or comparable: multi-parameter water-quality 

meter with flow through cell. 

LaMotte Turbidity Meter, or comparable 

Equipment manual 

Calibration kit 
Deionized water, paper towels, spray bottle, etc. 

Disposable medical-grade gloves (e.g., latex, nitrile) 
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3.0 PROCEDURES 

This section describes the calibration procedures for the YSI Model 600 series, the Horiba U20 series, 

and the LaMotte.  Each meter is supplied with an instruction manual and will be on site and will be used 

as the calibration guidance documents.  These procedures will list requirements for frequency of 

calibration and checks to be performed on the meter.   

 

3.1 YSI Model 600 Series and Horiba U20 Series 

 

The YSI Model 600 series and Sonde and the Horiba U20 series are multi-parameter, water-quality 

meters that may be used to measure open water bodies (streams, ponds, springs, etc.) with the probe 

guard installed.  With the flow through cell attached, the meters have the ability to measure water-quality 

parameters in ground water via a pump discharge line.  By performing the measurements in the 

discharge line coming directly from the well, the parameters are measured before the ground water 

comes in contact with the atmosphere.  The parameters measured by the YSI or the Horiba for this field 

effort are as follows: 

 

 DO 

 SC 

 Temperature 

 pH 

 ORP 

 Turbidity 

 

3.1.1 Documentation 

The Equipment Calibration Log is used to document calibration of measuring equipment used in the field.  

The Equipment Calibration Log documents that the manufacturer’s instructions were followed for 

calibration of the equipment, including the frequency of calibration, type of standards used, and checks 

performed on calibration during the course of using the equipment.  An Equipment Calibration Log must 

be maintained for each measuring device that requires calibration.  Entries must be made for each day 

the equipment is used.  A blank Equipment Calibration Log form is attached at the end of this SOP. 
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3.1.2 Calibration 

All the parameters listed in Section 3.0 must be calibrated prior to the start of each field effort.  After this 

initial calibration, the meter will be checked each day that it is used.  If the check shows any out-of-

specification readings, the specific probe will be recalibrated.  Meter specifications can be found in the 

equipment manual, starting on page 248 (YSI) or page 93 (Horiba). Calibration and calibration checks will 

be documented in the field logbook and on the Equipment Calibration Log.  The name, lot number, and 

expiration date for all calibration buffers and standards used will be recorded on the Equipment 

Calibration Log.  The meter’s model, serial number, and name of rental company will also be recorded on 

the equipment calibration form. 

 

3.1.3 Tips for Good Calibration 

 The DO calibration is a water-saturated air calibration.  Make certain to loosen the calibration cup 

seal to allow pressure to equilibrate before calibrating. 

 

 Make certain that sensors are completely submersed in solution and readings are stable when 

calibration values are entered. 

 

 Use a small amount of calibration solution (previously used solution may be used, then discarded for 

this purpose) to pre-rinse the sonde. 

 

 Fill a bucket with ambient temperature water to rinse the sonde between calibration solutions. 

 

 Make sure to rinse and dry the probe between calibration solutions.  This will reduce carry-over 

contamination and increase the accuracy of the calibration. 

 

3.2 Lamotte Turbidity Meter 

The Lamotte turbidity meter is a hand held meter that measures the amount of suspended matter in water 

using the Nephelometric method. 

 

3.2.1 Documentation 

The Equipment Calibration Log is used to document calibration of measuring equipment used in the field.  

The Equipment Calibration Log documents that the manufacturer’s instructions were followed for 

calibration of the equipment, including the frequency of calibration, type of standards used, and checks 
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performed on calibration during the course of using the equipment.  An Equipment Calibration Log must 

be maintained for each measuring device that requires calibration.  Entries must be made for each day 

the equipment is used.  A blank Equipment Calibration Log form is attached at the end of this SOP. 

 

3.2.2 Calibration 

Turbidity must be calibrated prior to the start of each field effort.  After this initial calibration, the LaMotte 

will be calibrated each day that it is used.  If the check shows any out-of-specification readings, the meter 

will be recalibrated.  Meter specifications can be found in the equipment manual.  Calibration and 

calibration checks will be documented in the field logbook and on the Equipment Calibration Log.  The 

name, lot number, and expiration date for all calibration standards used will be recorded on the 

Equipment Calibration Log.  The meter’s model, serial number, and name of rental company will also be 

recorded on the equipment calibration form. 

 

3.2.2 Tips for Good Calibration 

 Thoroughly clean the standard vial with a chem wipe to remove finger prints. 

 

 Make sure that the vial is properly aligned according the manual recommendations.   

 

4.0 MAINTENANCE 

The YSI and/or Horiba Meter and LaMotte will be rented for the duration of each brief field effort.  

Therefore, little field maintenance will be required.  For any maintenance other than the routine cleaning, 

calibrating, or battery charging, the instrument should be returned to the vendor and a replacement sent 

immediately to the job site. 

 

4.1 Meter Storage for the YSI and Horiba 

For this field effort, the meter storage will be short term, [i.e. over night or between work shifts (4-day 

break)].  During these breaks, the meter will be charged.  One-half inch of tap or distilled water will be 

placed in the meter calibration cup and the cup threaded onto the sonde.  The key for short-term storage 

of probes is to use a minimal amount of water so the calibration cup will remain at 100 percent humidity.  

The water level must be low enough so that none of the probes are actually immersed.  Proper storage of 

the sonde between usage will extend its life and will also ensure that the unit is ready for use as quickly 

as possible for the next application.   
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Multi-parameter short term storage key points: 

 Use enough water to provide humidity but not enough to cover the probe surfaces. 

 Make sure the storage vessel is sealed to minimize evaporation. 

 Check periodically to make certain that water is still present. 

 

4.2 Probe Cleaning 

 Rinse the probe thoroughly with potable water. 

 Wash the probe in a mild solution of Liquinox and water and wipe with paper towels and/or cotton 

swabs. 

 Rinse and soak the probe in deionized water. 

 If stronger cleaning is required, consult Section 2.10 on page 89 (YSI) or Section 7.1 on page 86 

(Horiba) of the equipment manual. 

 

Note: Reagents that are used to calibrate and check the water quality meter may be hazardous.  Review 

the health and safety plan and Material Safety Data Sheets (MSDSs), all of which are on file in the field 

trailer. 

 

4.3 Meter Storage for the LaMotte 

For this field effort, the meter storage will be short term, [i.e. over night or between work shifts (4-day 

break)].  Proper storage of the meter between usage will extend its life and will also ensure that the unit is 

ready for use as quickly as possible for the next application.   

 

Short term storage key points: 

 Make sure the storage vessel is moisture free and sealed. 

 

4.4 Sample Vial Cleaning 

 Rinse the vial thoroughly with potable water to remove sediments. 

 Wipe with chem.-wipes or cotton swabs. 

 

5.0 ATTACHMENTS 

1. Equipment Calibration Log 
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EQUIPMENT CALIBRATION LOG 

PROJECT NAME : _________ _ INSTRUMENT NAME/MOOEL: 

SITE NAME: MANUFACTURER: 

PROJECT No · SERIAL NUMBER' 

Date Instrument Person Instrument Sellings Instrument Readings Calibration Remarks 
of 1.0. Performing Pra~ "; P~t- '-::-" Pre- PO~I-j Standard and 

Calibration Number Calibration , calibration calibraliQn- "'calibration calibration (LaiNo.) Comments 

EQUIPMENT CALIBRATION LOG 

PROJECT NAME : _________ _ INSTRUMENT NAME/MOOEL: 

SITE NAME: MANUFACTURER: 

PROJECT N 0 .: SERIAL NUMBER 

Dale Instrument Person Instrument SetlinQs Instrument ReadinQs Calibrat ion Remarks 
of 1.0. Performing Pra- POst- Pre- Post- ': Standard and 

Calibration Number Calibration calibration calibration ,~ calibralion calibration (LOI No.) Comments 
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Certificate of Accreditation 

 

   ISO/IEC 17025:2005      Certificate Number L2226 
 

Empirical Laboratories, LLC 
621 Mainstream Drive, Suite 270 

Nashville, TN 37228 
 

has met the requirements set forth in L-A-B’s policies and procedures, all requirements of                 
ISO/IEC 17025:2005 “General Requirements for the competence of Testing and Calibration Laboratories” 
and the U.S. Department of Defense Environmental Laboratory Accreditation Program (DoD ELAP).* 

 
The accredited lab has demonstrated technical competence to a defined “Scope of Accreditation” and the 
operation of a laboratory quality management system (refer to joint ISO-ILAC-IAF Communiqué dated 8 
January 2009). 

 
Accreditation Granted through: November 30, 2012 

               
 R. Douglas Leonard, Jr., Managing Director   

                                         Laboratory Accreditation Bureau 
                Presented the 30th of November 2009 

*See the laboratory’s Scope of Accreditation for details of the DoD ELAP requirements  
Laboratory Accreditation Bureau is found to be in compliance with ISO/IEC 17011:2004 and recognized by ILAC (International Laboratory Accreditation Cooperation) and NACLA (National 
Cooperation for Laboratory Accreditation).   
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Changes Summary 

Revision 21, 9/1/10 
• The SOP is an update from Revision 20 dated 04/27/10 
• The SOP has been found to be up-to-date with Standard Methods 21st edition. 
• Reference to adjusting filtrate volume for method 3030C has been removed. 
• References to bound logbooks have been replaced with LIMS references. 
 

Revision 20, 4/27/10 
• The SOP is an update from Revision 19 dated 04/20/09. 
• References to oil sample preparation have been removed. 
• Extraction volumes for TCLP have been updated. 
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METALS DIGESTION/PREPARATION 
 

References: 
Methods 3005A/USEPA CLPILM0 4.1 Aqueous, 3010A, 3030C, 3050B 
USEPA CLPILM0 4.1 (Soil/Sediment), 200.7, Standard Methods 3030C 
See Addendum for USEPA CLPILM 05.2 (Aqueous & Soil/Sediment) 

 
 

I. SCOPE AND APPLICATION 
A. AQUEOUS 

1. Method 3005A and USEPA CLP ILM0 4.1, "Acid Digestion of Waters for Total 
Recoverable or Dissolved Metals for Analysis by ICP Spectroscopy". 
a. This method is used to prepare surface water, ground water, drinking water and 

wastewater samples for analysis by inductively coupled argon plasma spectroscopy 
(ICP). 

2. Method 200.7, "Determination of Metals and Trace Metals in Water and Wastes by 
Inductively Coupled Plasma-Atomic Emission Spectrometry" 
a. This method is used to prepare surface water, ground water, drinking water and 

wastewater samples for analysis by inductively coupled argon plasma spectroscopy 
(ICP). 

3. Method 3010A, "Acid Digestion of Aqueous Samples and Extracts for Total Metals for 
Analysis by ICP Spectroscopy". 
a. This method is used to prepare aqueous samples, EP and mobility-procedure 

extracts, and wastes that contain suspended solids for analysis by ICP.  The 
procedure is used to determine total metals.   

4. Method 3030C (Standard methods), "Preliminary Treatment for Acid-Extractable 
Metals". 
a. This method is used to prepare ground water samples from North Carolina for 

analysis by ICP. 
B. SOLIDS 

1. Method 3050B, "Acid Digestion of Sediments, Sludges and Soils". 
a. This method is used to prepare sediments, sludges and soil samples for analysis by 

ICP.  Since certain matrices may result in poor recovery, the method of standard 
additions may be used when analyzed. 

b. It should be noted that some metals could be biased high with the soil digestion 
when dilution is necessary.  Take necessary measures to ensure that dilutions are 
made as accurately as possible. 

2. USEPA CLP ILM0 4.1, “Acid Digestion of Soil/Sediment” 
a. This method is used to prepare sediments and soil samples for analysis by ICP.  

Since certain matrices may result in poor recovery, the method of standard additions 
may be used when analyzed. 

D. NOTES: 
1. "Total Metals" includes all metals, inorganically and organically bound and both 

dissolved and particulate. 
2. "Dissolved metals" includes all metals present in a sample after filtration through a 

0.45 micron filter followed by digestion. 
 
II. SUMMARY OF METHODS 
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A. A representative sample of water or soil is put into an acid medium and exposed to heat for 
a certain amount of time.  This allows for reduction of interferences by organic matter and 
converts metals bound to particulates to form the free metal that can be determined by 
ICP-Atomic Emission Spectrometry.  

NOTE:  When a reporting limit is required for a project lower than is customary, a four times 
concentration or alternate soil digestion ratio must be used in order to reach that lower level.  
Care must be taken to matrix match this concentrated aliquot.  A blank and laboratory control 
sample (at a reduced concentration) are required with this concentration.  A matrix spike (not at 
reduced concentration) and duplicate or matrix spike and matrix spike duplicate is needed per 
20 samples or per batch.  

 
III. SAMPLE HANDLING AND PRESERVATION 

A. AQUEOUS 
1. Samples are taken in high density polyethylene, one litter bottles.  Samples should be 

preserved with concentrated HNO3 to a pH <2 immediately upon sampling.  If 
dissolved metals are to be analyzed the sample should be filtered before the HNO3 is 
added.  The samples should be maintained at 4°C until analysis.  The holding time for 
metals samples is 180 days or approximately 6 months. 

B. SOLIDS 
1. Samples are taken in high density polyethylene (CLP only) or glass bottles.  The 

samples should be maintained at 4°C until analysis.  The holding time for metals 
samples is 180 days or approximately 6 months. 

 
IV. INTERFERENCES 

A. AQUEOUS 
1. Solvents, reagents, glassware, and other sample processing hardware may yield artifacts 

and/or interferences to sample analysis.  All these materials must be demonstrated to be 
free from interferences under the conditions of the analysis by analyzing method blanks.  

B. SOLIDS 
1. Sludge samples can contain diverse matrix types, each of which may present its own 

analytical challenge.  Spiked samples and any relevant standard reference material 
should be processed to aid in determining whether this method is applicable to a given 
waste. 

 
V. SAFETY 

A. Normal accepted laboratory safety practices should be followed while performing this 
analysis. 

B. Be certain the exhaust hood is functioning before you begin the digestion procedure. 
C. Hot acids can be extremely corrosive.  Avoid inhalation or contact with skin. 

 
VI. EQUIPMENT/APPARATUS 

A. Fume hood,  Labconco or equivalent. 
B. Hot plate, Thermolyne cimarec-3 or equivalent source for use at 95°C.  The temperature of 

the hot plate must be monitored via the use of a temperature blank. 
C. Thermometer capable of reading 80 to 120 degrees C – ERTCO cat# 611-3-SC or  

equivalent. 
D. Vacuum pump for filtering dissolved metals- Gast or equivalent. 
E. Analytical balance capable of weighing to 0.01 gram.  Mettler model BB300 or equivalent. 
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F. Beckman CS-6R centrifuge. 
G. Various class A volumetric glassware and ribbed watchglasses,  Pyrex or equivalent. 
H. Whatman No. 41 filter paper or equivalent. 
I. Whatman No. 42 filter paper or equivalent. 
J. Whatman 0.45 micron filter paper or equivalent. 
K. 250 mL beaker or other appropriate vessel such as polypropylene block digester tubes, 

watch glasses and caps.  
L. Stirring device, e.g. magnetic stirrer, glass rod or equivalent. 
M. Manual Sample Mill 
N. Wiley Sample Mill 
O. Clippers for cutting vegetation 
NOTE:   All  glassware should be acid washed. 

 
VII. REAGENTS AND STANDARD PREPARATION 

A. REAGENTS 
1. Metals grade Nitric acid (HNO3). Reagent should be analyzed to determine level of 

impurities.  If method blank is <MDL, then the reagent can be used. 
2. Metals grade Hydrochloric acid (HCl). Reagent should be analyzed to determine level 

of impurities.  If method blank is <MDL, then the reagent can be used. 
3. 30% hydrogen peroxide reagent, ACS Grade.  Reagent  should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent can be used. 
4. Metals grade Sulfuric acid (H2SO4).  Reagent  should be analyzed to determine level of 

impurities.  If method blank is <MDL, then the reagent can be used. 
5. Reagent water (Deionized water). 
6. Potassium Permanganate - Ultra pure grade.  Reagent  should be analyzed to determine 

level of impurities.  If method blank is <MDL, then the reagent can be used. 
7. Ammonium hydroxide, concentrated, reagent grade.  Reagent should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent can be used. 
8. Ammonium phosphate, reagent grade- Reagent should be analyzed to determine level of 

impurities.  If method blank is <MDL, then the reagent can be used. 
B. STANDARDS 

1. Traceability 
a. A LIMS record shall be maintained on all reference materials.  The record shall 

include date of receipt, source, purity, all compositional information, storage 
conditions and expiration date.  These materials/solutions are to be identified by a 
unique number in the LIMS as well as on the container's label. 

b. All working standards made from reference materials shall be labeled with a unique 
ID number with complete information on preparation date, concentration of each 
compound, solvent, preparer's name, expiration date and the information is recorded 
in LIMS.  Reagents shall be labeled with date received and expiration date, if 
applicable.  All of the information described above shall also be recorded in LIMS.  
Measurements made during standards preparation (e.g., from weighing operations, 
volume diluted to, etc.)  shall also be recorded.  There should be no container with 
sample, sample extract, standard solution, etc. that is not correctly labeled and 
properly stored. 
 

c. The analyst must initial and date each entry made in LIMS. 
2. PREPARATION 
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A. Laboratory control sample 
1. Aqueous 

a. This solution is prepared as follows:  50 mL concentrated HCl, 20 mL 
concentrated HNO3, 1 mL of CLP-CAL-1, Solution A, 1 mL of CLP-CAL-1 
Solution B, 0.25 mL of CLP-CAL-2, and 0.25 mL of CLP-CAL-3 diluted to 
1 L in a volumetric flask.  Use 50 mL (100 mL for strict CLPIlM0 4.1) for 
digestion.  This solution is given a unique identifier and recorded in sample 
LIMS. 

b. For four times concentrated samples: The solution is prepared as follows:  
50 mL concentrated HCl, 20 mL concentrated HNO3, 1mL CLPP-SPK-4 
(Inorganic Ventures) (This solution contains 10 mg/L Selenium, 100 mg/L 
Antimony, 50 mg/L Cadmium and Thallium, 40 mg/L Arsenic and 20 mg/L 
Lead) to 1 L in a volumetric flask.  This solution is given a unique identifier.  
Use 12.5 mLs to 50 mLs and prepare two aliquots.  Heat at 90 to 95°C to 
reduce the volume in each vessel to ten mLs and then combine each 10 mL 
aliquot into one vessel and take to a final volume of  25 mLs.  Take care to 
matrix match acids so that the final 25 mL portion will contain 2% HNO3 
and 5% HCl. Use 0.125 mLs HNO3  and 0.3125 mLs HCl to each 50 mL 
vessel. 

2. Solids:   
a. 1.0 ±0.02 (or 2.0 ±0.02)  gram aliquot of teflon chips is weighed and spiked 

using the same spiking solution used for matrix spikes. This sample is given 
a unique identifier according to the Lot# for the teflon chips used and when 
digested is given the descriptor. i.e. BS1 and then BS2 etc. plus the unique 
identifier number assigned. Alternatively a solid matrix standard reference 
material is obtained from the manufacturer.  This sample is given a unique 
identifier and the weight is recorded in a bound logbook and transfered to 
LIMS. 

 B. Spiking solution 
1. Sample is spiked using 0.1 mL of CLP-CAL-1, Solution A, 0.1 mL of CLP-

CAL-1 Solution B, 0.025 mL of CLP-CAL-2 and 0.025 mL of CLP-CAL-3 for a 
final volume of 100 mL.  If only 50 mL is used, decrease amount used 
appropriately.  These solutions are given unique identifiers. Record the amount 
spiked and the unique identifier of the standard. 

2. CLP sample is spiked using 0.1 mL CLPP-SPK-1 and 0.1 mL CLPP-SPK-4 for 
a final volume of 100 mL. If only 50 mL is used, decrease amount used 
appropriately. These solutions are given unique identifiers. 

3. For samples that require four times concentration, the sample is spiked using 
0.0125 mLs of CLPP-SPK-4 to each of two vessels with 50 mLs of sample in 
each.  The volume of each of the vessels is lowered to less then 10 mLs and  
combined and the final volume of this concentrated sample is 25mLs.    

 
 
 
VIII. CALIBRATION 

A. The temperature of the samples must be maintained at 95°C and monitored via a 
temperature blank.  Record in temperature logbook for later transfer into LIMS. 
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IX. PROCEDURE 

A. Glassware preparation for digestion or when the hot-block can not be used: 
1. Wash glassware with hot soapy water and rinse thoroughly.  (Beakers must be washed 

as soon as possible after being used, dirty beakers must not be allowed to sit overnight.) 
2. Rinse glassware with reagent water that contains 5% HNO3 and 5% HCl followed by a 

rinse with reagent water. 
3. Prior to use, all glassware must be confirmed clean via a glassware check.  Otherwise, 

repeat step "2" until the glassware check passes. 
B. Aqueous sample filtration (for dissolved metals): 

1. Thoroughly clean a flask and funnel with hot soapy water.  Next, rinse the flask and 
funnel with 1:5 HNO3 followed by a thorough D.I. water rinsing.  This step is very 
important because the filters contain some metals (namely Zn) which could contaminate 
the samples. 

2. Rinse a 0.45 micron filter with 1:5 HNO3 thoroughly, followed by D.I. water. 
3. Filter the unpreserved sample.  If dissolved Hg analysis is requested for the sample, 

filter at least 200 mL. 
4. Discard the first 50 to 100 mL. 
5. A preparation blank must be taken through the filtration step and analyzed with the 

sample. 
6. Preserve the sample with HNO3 to pH<2. 
7. Soluble samples that are clean and clear do not have to be digested.  Use 100 mL 

sample, add 5 mL of concentrated HCl and 2 mL of concentrated HNO3.  Samples 
must be digested unless approval for analysis without digestion is received from 
the project manager. 

C. Aqueous sample preparation 
1. Method 3005A and USEPA CLP ILM0 4.1, "Acid digestion procedure for total 

recoverable or dissolved metals for analysis by ICP ".  
a. Shake sample thoroughly and pour 50 mL of the well-mixed sample into a digestion 

vessel.  For samples which require concentration pour 50 mLs of the well-mixed 
sample into two digestion vessels. 

b. Add 0.50 mL ( 1 mL of (1+1) when strict CLP ILM0 4.1 is required) concentrated 
HNO3 to the sample. For samples which require concentration, add 0.125 mL (0.25 
mL of (1+1) when strict CLP ILM0 4.1 is required) concentrated HNO3 to the 
sample. 

c. Add 2.5 mL ( 5 mL of 1+1) when strict CLP ILM0 4.1 is required) concentrated 
HCl to the sample.  For samples which require concentration, add 0.3125 mL (0.625 
mL of (1+1) when strict CLP ILM0 4.1 is required) concentrated HCl to the sample. 

d. Cover the sample with a ribbed watch glass or equivalent source. 
e. Transfer the digestion vessel to a pre-heated hot plate or hot block  at 90 to 95°C.  A 

temperature blank will assure correct temperature.  The temperature must be 
recorded in the temperature logbook.  Take the volume down to between 5 to 10 
mL, ( 12 to 25 mLs when strict CLP ILM0 4.1 is required) making certain that the 
sample does not boil.  This is extremely important.  Boiling may lead to 
vaporization of certain analytes. Remove the sample from the hot plate and cool 

f. When necessary, filter or centrifuge the sample to remove insoluble material that 
could clog the nebulizer.  The filtering apparatus must be thoroughly cleaned with 
dilute nitric acid prior to filtration. 
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g. Bring sample to its predigestion volume ( or when samples require concentration, to 
a volume four times lower then what was started with) with DI water in the 
digestion vessel.  The final volume must be recorded in the LIMS. 

h. The sample is now ready for analysis. 
i. The LIMS must contain the date, analyst, sample number, client, sample 

mass/volume, final volume of digestate, lot # of acids used and the preparation and 
ID of standards plus identification #'s for standards used for spiking and the volume 
spiked into the sample. 

2 Method 200.7, "Acid digestion procedure for total recoverable metals".  
a. Shake sample thoroughly and pour 50 mL of the well-mixed sample into the 

digestion vessel.  If sample contains undissolved solids >1% refer to Section 11.3 of 
Method 200.7 for subsequent procedures. 

b. Add 1.0 mL concentrated HNO3 to the sample. 
c. Add 2.50 mL concentrated HCl to the sample. 
d. Cover the sample with a ribbed watch glass or equivalent source. 
e. Transfer the digestion vessel to a pre-heated hot plate or equivalent source at 85°C.  

Take the volume down to between 10 to 15 mL, making certain that the sample 
does not boil.  This is extremely important.  Boiling may lead to vaporization of 
certain analytes.  

f. Leave sample on hot plate and gently reflux for 30 minutes.  Remove from hot plate 
and cool. 

g. Bring sample to its predigestion volume with DI water in the digestion vessel. 
h. When necessary, filter or centrifuge the sample to remove insoluble material that 

could clog the nebulizer.  The filtering apparatus must be thoroughly cleaned with 
dilute nitric acid prior to filtration.  

i. The sample is now ready for analysis. 
j. The LIMS must contain the date, analyst, sample number, client, sample 

mass/volume, final volume of digestate, lot # of acids used and the preparation and 
ID of standards. 

3. Method 3010A, "Acid Digestion of Aqueous Samples and Extracts for Total Metals 
for Analysis by ICP Spectroscopy".   
a. Shake sample thoroughly and pour 50 mL (5ml diluted to 50mL for TCLP, full 

50ml volume for SPLP) of the well-mixed sample into the digestion vessel. 
b. Add 1.5 mL concentrated HNO3 to the sample. 
c. Cover the sample with a ribbed watch glass. 
d. Transfer the digestion vessel to a pre-heated hot plate or hot block at 90 to 95°C.  A 

temperature blank must be used, with the temperature being recorded in the 
temperature logbook.  Take the volume down to a low volume (~5 mL), making 
certain that the sample does not boil.  This is extremely important.  Boiling 
may lead to vaporization of certain analytes.  Also make certain that no portion 
of the bottom of the digestion vessel is allowed to go dry.  This may lead to low 
recoveries.  Remove the sample from the hot plate and cool. 

e. Add another 1.5 mL portion of concentrated HNO3 to the sample. 
f. Cover the sample with a ribbed watch glass. 
g. Transfer the vessel to the hotblock or equivalent source.  Increase the temperature 

so a gentle reflux occurs.  Continue heating, adding additional acid as necessary, 
until the digestion is complete (generally indicated when the digestate is light in 
color or does not change in appearance with continued refluxing). 
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h. Uncover the vessel and evaporate to a low volume (~3 mL) making certain that no 
portion of the bottom of the digestion vessel is allowed to go dry.  Remove and 
cool. 

i. Add 2.5 ml of 1:1 HCl (10 mL/100 mL of final solution). 
j. Cover the digestion vessel and reflux for an additional 15 minutes. 
k. Bring sample to its predigestion volume in digestion vessel. 
l. When necessary, filter or centrifuge the sample to remove insoluble material that 

could clog the nebulizer.  The filtering apparatus must be thoroughly cleaned with 
dilute nitric acid prior to filtration.  
Note: When preparing DoD project samples, if any sample in a digestion batch 

requires filtration, all samples (including QC samples) must be treated in the 
same manner. 

m. The sample is now ready for analysis. 
n. The LIMS must contain the date, analyst, sample number, client, sample 

mass/volume, final volume of digestate, lot # of acids used and the preparation and 
ID of standards. 

4 Method 3030C (Standard Methods), "Preliminary treatment for Acid-Extractable 
Metals" 
a. Shake sample thoroughly and pour 50 mL of the well-mixed sample into a 50 mL 

digestion vessel. 
b. Add 2.5 mL 1:1 HCl to the sample. 
c. Heat 15 minutes in a hot bath. 
d. Filter through a membrane filter. 
e. Transfer to ICP analyst. 

D. Solid sample preparation 
 

It is extremely important that waste (when appropriate), soil and sediment samples be 
mixed thoroughly to ensure that the sample is as representative as possible of the sample 
media.  The most common method of mixing is referred to as quartering.  The quartering 
procedure should be performed as follows: 
 
• The material in the sample pan(inorganic-plastic/organic-aluminum)  should be divided 

into quarters and each quarter should be mixed individually. 
• Two quarters should then be mixed to form halves. 
• The two halves should be mixed to form a homogenous matrix. 

                  
                 This procedure should be repeated several times until the sample is adequately mixed. 
 
NOTE:  Samples that are clay type materials should be handled in a different manner.  Due to 

these type sample matrices having an affinity to stick to most anything that touches it, 
another approach must be followed.  Obtain a representative sub-sample aliquot from 
the center or middle section of the sample container. 

                 Grinding of Vegetation Samples 
 
                 Remove sample from shipping container and brush off dirt particles. Chop sample into 

about half inch pieces with clippers or other cutting tool. Place the sample in an aluminum 
pan and air-dry in an exhaust hood to the appropriate dryness for grinding. It should be dry 
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enough where it won’t stick to the inside of the mill. Grind the dried sample to fineness in 
either the manual sample mill or the Wiley mill or both if needed. Place the ground sample 
in a container and label immediately.  
1. USEPA CLP ILM0 4.1, "Acid digestion of Soil/Sediment" 

a. Mix the sample thoroughly to achieve homogenity.  For each digestion procedure, 
weigh (to the nearest 0.01 g) a 1.0 to 1.5 g portion of sample and transfer to a 
digestion vessel. 

b. Add 10 mL of 1:1 nitric acid (HNO3), mix the slurry, and cover with a watch glass 
or equivalent source.  Heat the sample to 92 to 95°C and reflux for 10 minutes 
without boiling.  Allow the sample to cool, add 5.0 mL of concentrated HNO3, 
replace with watch glass or equivalent source, as appropriate, and reflux for 30 
minutes.  Do not allow the volume to be reduced to less than 5 mL while 
maintaining a covering of solution over the bottom of the heating vessel. 

c. After the second reflux step has been completed and the sample has cooled, add 2 
mL of Type II water and 3.0 mL of 30% hydrogen peroxide (H2O2).  Return the 
heating vessel to the hot plate or equivalent heating source for warming to start the 
peroxide reaction.  Care must be taken to ensure that losses do not occur due to 
excessively vigorous effervescence.  Heat until effervescence subsides, and cool the 
heating vessel. 

d. Continue to add 30% H2O2 in 1 mL aliquots with warming until the effervescence is 
minimal or until the general sample appearance is unchanged.  (NOTE:  Do not add 
more than a total of 10 mL 30% H2O2.) 

e. If the sample is being prepared for ICP analysis of Al, As, Sb, Ba, Be, Ca, Cd, Cr, 
Co, Cu, Fe, Pb, Mg, Mn, Ni, K, Se, Ag, Na, Tl, V, and Zn, add 5 mL of 1:1 HCl and 
10 mL of Type II water, return the covered heating vessel to the hot plate or 
equivelent heating source, and heat for an additional 10 minutes.  After cooling, 
filter through Whatman No. 42 filter paper (or equivalent) and dilute to 50 mL with 
Type II water.  NOTE:  In place of filtering, the sample (after dilution and mixing) 
may be centrifuged or allowed to settle by gravity overnight to remove insoluble 
material.  Dilute the digestate to 144 mL with DI water, add 5 mLs concentrated 
HCl and 1 mL of  concentrated HNO3, mix well and place into the appropriate 
container.  The diluted sample has an approximate acid concentration of 2.5% (v/v) 
HCl and 5% (v/v) HNO3. The sample is now ready for analysis. 

f. The LIMS must contain the date, analyst, sample number, client, sample 
mass/volume, final volume of digestate, lot # of acids used and the preparation and 
ID of standards and  ID of matrix spikes and the amounts used for spiking. 

2. Method 3050B, “Acid digestion of Sediments, Sludges and Soils” 
a. Mix the sample thoroughly for 5 minutes using a plastic spatula or Teflon coated 

spatula in a glass or plastic weigh boat to achieve homogeneity. 
b. Weigh approximately (to the nearest 0.01 g) a 1 to 1.5 g portion of the sample 

directly into a digestion vessel.  For samples with low percent solids a larger sample 
size may be used as long as digestion is completed.  Record the exact mass in the 
LIMS. 
NOTE:  To achieve the lowest reporting limit possible,  use a 2.0 g portion of 
sample with an ending volume of 100 mLs.  

c. Add 5 mL D.I. water and 5 mL concentrated HNO3(1:1), mix the slurry and cover 
with a watch glass.  Place the sample in a preheated hot block and reflux at 95°C for 
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10 to 15 minutes being certain that the sample does not boil.  Record temperature in  
temperature logbook 

d. Allow the sample to cool.  Add 5 mL concentrated HNO3, replace the watch glass 
and heat/reflux again for 30 minutes.  If brown fumes are generated, indicating 
oxidation of the sample by HNO3, repeat this step (addition of 5 mL of concentrated 
HNO3) over and over until no brown fumes are given off by the sample indicating 
the complete reaction with HNO3.  Using a watch glass or equivalent allow the 
solution to evaporate to approximately 5 mL without boiling at 95°C + 5°C for 
approximately two hours.  Maintain a covering of solution over the bottom of the 
vessel at all times. Do not allow the volume to be reduced to less than 5 mL while 
maintaining a covering of solution over the  bottom of the beaker.  If the volume 
does get low, add 2.5 mL of D.I. water to bring volume back up. 

e. Take the sample off the hot block and allow it to cool.  Next, add 2 mL of D.I. water 
and 3 mL of 30% Hydrogen Peroxide.  (The sample will bubble upon the addition of 
H2O2 if it is still warm.)  Cover the vessel with a watch glass and return the sample 
to the hot block or equivalent source and heat until the bubbling subsides.  Care 
must be taken to ensure that losses do not occur due to excessively vigorous 
effervescence.  Heat until effervescence subsides and cool the beaker.  Add two 
more 3 mL portions of H2O2 to the sample in the same manner as before.  (NOTE:  
Do not add more than a total of 10 mL 30% H2O2.) 

f. Cover the sample with a ribbed watch glass and continue heating the acid-peroxide 
digestate at 95°C + 5°C without boiling for approximately two hours until the 
volume has been reduced to approximately 2.5 mL.  Maintain covering of solution 
over the bottom of the vessel at all times. 

g. Add 2.5 mL of DI water and 2.5 mL of concentrated HCl  and 10 mL of DI water, 
cover the sample with a ribbed watch glass and continue refluxing for an additional 
10 minutes without boiling 

h. When necessary, filter or centrifuge the sample to remove insoluble material that 
could clog the nebulizer.  The filtering apparatus must be thoroughly cleaned with 
dilute nitric acid prior to filtration.  

i. Bring sample up to 50 mL with D.I. water in the vessel. Add 150 ml of DI water to a 
250 ml sample bottle. Invert the 50 ml sample digestion vessel several times to mix 
the sample and pour sample into the 150 ml of the sample bottle. Pour some sample 
back into the 50 ml sample digestion vessel to rinse and pour back into the 250 ml 
sample bottle and cap and mix. 
NOTE1: When preparing DoD project samples, if any sample in a digestion batch 

requires filtration , all samples (including QC samples) must be treated 
in the same manner. 

NOTE2: To achieve the lowest reporting limit possible use 2.0 grams of sample 
with an ending volume of 100 mLs. 

j. The sample is now ready for analysis. 
k. The LIMS must contain the date, analyst, sample number, client, sample 

mass/volume, final volume of digestate, lot # of acids used and the preparation and 
ID of standards. 

 
X. CALCULATIONS 

A. The analyst must be supplied with both beginning sample masses/volumes and final 
digestate volumes.  This information must be recorded in the digestion log. 
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XI. QUALITY CONTROL 

A. Digestion 
1. Temperature blank 

a. The temperature of the hot plate/hot block must be monitored for temperature 
during the digestion process. 

b. The thermometer must be tagged with annual calibration information.  Record the 
thermometer reading, correction factor and the corrected temperature in the 
digestion log. 

2. Blanks 
a. Digest a blank with every batch of samples digested (20 sample maximum).  The 

blank is prepared by adding all the same reagents added to the samples to a clean 
dry beaker and taking it through the same process as the samples.  

b. Also, there must be a blank for every different method of digestion that is set up that 
day,  every 20 samples. 

c. There must also be a blank for every different matrix of samples that is to be 
digested, every 20 samples. 

d. Sample is given a unique identifier in the digestion log. 
3. Laboratory Control Samples 

a. For water samples, one LCS is digested with every batch of samples digested (20 
sample maximum). 

b. For water samples, a LCS is digested every day for each type of digestion, every 20 
samples. 

c. For soil/sediment samples, a soil matrix standard reference material (SRM ) must be 
digested per batch (20 samples maximum) or alternatively a spiked teflon chip 
sample. 

d.   Sample is given a unique identifier in the digestion log. 
4. Duplicates 

a. A duplicate is prepared every 20 samples.  This usually takes the form of a matrix 
spike duplicate. 

 NOTE: Certain projects require a sample duplicate and a matrix spike duplicate 
with each set of twenty samples. 

5. Blank Spike 
a. This is required for certain projects. 

B. Sample Matrix 
NOTE: Field blanks/duplicates, trip blanks, or equipment blanks are not to be used for 

sample matrix QC samples. 
1. Matrix spike 

a. Digest a spike and spike duplicate every 20 samples where sample volume is 
adequate to do so.  Choose a sample (if possible) that has a lot of metals requested 
to be analyzed. 
NOTE: For some projects, a sample duplicate and sample spike may be required 

instead of a spike and spike duplicate.  Your supervisor should make you 
aware of these projects. 

b. The following metals do not get digested spikes when using CLP spike. 
Calcium 
Magnesium 
Sodium 
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      Potassium 
c. For TCLP samples, a spike must be digested for every matrix.  You should inspect 

the sample (original sample prior to extraction) or check the log book to determine 
matrix type.  (Also the matrix spike aliquot must be added to the extract after 
filtration but before preservation.) 

d. The CLH project requires that a high and a low spike be prepared and 
analyzed.  Spikes shoud be prepared at 40 mg/Kg and 400 mg/Kg for soil 
samples and 200 ug/L and 2000 ug/L for aqueous samples. 

 
XII. CORRECTIVE ACTIONS 

A. Sample boils during digestion. 
1. Redigest another sample aliquot. 

B. Sample goes dry or portion of beaker bottom is exposed due to excess evaporation during 
digestion. 
1. Redigest another sample aliquot. 
2. Glass beaker dry for an extended period of time? Discard beaker. 

 
XIII. SPECIAL NOTES 

A. Never take for granted how a sample should be digested.  If the sample looks strange or 
unusual, or if you are not sure what metals the sample gets, what detection limits are 
required, whether the sample is total or dissolved, or even what method of digestion should 
be used, always ask your supervisor or the person who is to analyze the sample.  How 
metals need to be digested changes too often to take it for granted. 

B. Antimony (Sb) soils should be analyzed within 48 hours of digestion whenever possible.  
When a soil requesting Antimony analysis is received, you must coordinate with the person 
who will be analyzing it to be sure that they can analyze it on the same day that it is 
digested. 

C. Labels for the digested sample must be written in a neat and legible manner.  The labels 
must include such information as sample number, client name, the date digested, and the 
volume or mass digested. 

D. There are several precautions that must be taken to minimize the possibility of 
contamination. 
1. All metals glassware must be kept separate from all other laboratory glassware. 
2. Metals glassware must be washed as soon as possible after being used.  Dirty metals 

beakers must not be left overnight.   
3. Acid to be used for metals digestions must be kept separate from all other laboratory 

acid. 
E. Samples must be digested in a timely manner to ensure ICP analysis remains on schedule 

for data generation.  Samples received on or before Wednesday of week X must be 
prepared for ICP digestion by the end of week X.  Your supervisor must be consulted if this 
schedule can not be met at a particular time. 

             F.   Please consult Waste Disposal SOP-QS14, for information concerning disposal of waste 
generated from this area. Quantity of chemicals purchased should be based on 
expected usage during its shelf-life and the disposal cost of unused material. 
Actual reagent preparation volumes should reflect anticipated usage and 
reagent stability. 
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Addendum for USEPA CLPILM 05.2 AQUEOUS & SOIL/SEDIMENT 
 
The following is a list of changes for sample preparation when the 5.2 statement of work is required: 
 
1. Soluble samples are required to be digested unless the chain of custody specifically states that 

digestion is not required.  An MDL study must be done on the unprepared MDL solution in order 
to provide MDL levels for samples that are not digested.  When digestion is not required an LCSW 
and post digestion spike are not required. 

2. Digestates must be stored until 365 days after delivery of a complete, reconciled data package. 
3. Preparation codes are used on form 13's.  They are found in the 5.2 statement of work page B-39 

3.4.12.2.4. 
 
DEFINITIONS – Refer to SOP-QS08 for common environmental laboratory definitions. 
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Changes Summary 
 

Revision 18, 04/11/10 

 

• The SOP is an update from Revision 17 dated 03/25/10 

• The SOP is formatted to include all 22-elements required per the NELAC standards 

• The laboratory’s revision of all technical SOPs now includes a Table of Contents that provides 

the map of the technical information contained within the SOP. 

• Additional requirements, based upon the DOD QSM 4.1, have been integrated into the routine 

sample flow; however, if the requirement is different from routine sample flow, then the 

requirement is outlined and documented as such to be followed only when DoD samples are 

analyzed. 

• Tables have been updated to reflect the current limits/processes. 
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1.0 Identification of the Test Method 
This method is a cold-vapor atomic absorption procedure for determining the concentration of 

mercury, and is compliant with SW846 Method 7470A, USEPA Method 245.1, and USEPA 

SOW ILM04.1. 

 

 

2.0 Applicable Matrix or Matrices 
This method is a cold-vapor atomic absorption procedure for determining the concentration of 

mercury in mobility-procedure extracts, aqueous wastes, and ground waters.  This method can 

also be used for sludge-type wastes.  All samples must be subjected to an appropriate dissolution 

procedure prior to analysis. 

 

3.0 Detection Limit 
Method Detection Limit (MDL), Empirical Laboratories’ Reporting Limit (ERL), Contract 

Required Quantitation Limit (CRQL) and Analyte Wavelength: 

 

Limits Table 

 

                                 

Wavelength Table 
 

 

ANALYTE 

 

WAVELENGTH 

Mercury 253.7 

 

4.0 Scope of Application, Including Components to Be Analyzed 
4.1 Each parameter that is analyzed and reported under the scope of this SOP is listed in Table 

1 of this SOP.  This table also lists the associated Reporting Limit (also defined as the 

LOD) and the lowest Calibration level for each analyte.  When applicable, surrogate and 

Internal Standard Analytes are listed and indicated as such within this table. 

4.2 This method is a cold-vapor atomic absorption procedure for determining the concentration 

of mercury in mobility-procedure extracts, aqueous wastes, and ground waters.  This 

method can also be used for sludge-type wastes.  All samples must be subjected to an 

appropriate dissolution procedure prior to analysis. 

Aqueous Method Detection Limits(MDL)/Detection Limit(DL), Limit of Detection(LOD) 

Empirical Laboratories’ Reporting Limits(ERL)/Limit of Quantitation(LOQ), 

 CLP OLM04.1 & OLM05.2  

Contract Required  Quantitation Limits (CRQL) 

Mercury by EPA 245.1, 7470A,  

  SOW 4.1 & 5.2 

AQUEOUS 

MDL/DL 

(ug/L) 

AQUEOUS 

LOD 

(ug/L) 

AQUEOUS 

ERL/LOQ 

(ug/L) 

AQUEOUS 

CRQL  

ILMO 4.1 

(ug/L) 

AQUEOUS 

CRQL  

ILMO 5.2 

(ug/L) 

Mercury 

 

0.080 0.16 0.20 0.20 0.20 
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4.3 In addition to inorganic forms of mercury, organic materials may also be present.  These 

organo-mercury compounds will not respond to the cold vapor atomic absorption technique 

unless they are first broken down and converted to mercuric ions.  Potassium permanganate 

oxidizes many of these compounds, but recent studies have shown that a number of organic 

mercurials, including phenol mercuric acetate and methyl mercuric chloride, are only 

partially oxidized by this reagent.  Potassium persulfate has been found to give 

approximately 100% recovery when used as the oxidant step following the addition of the 

permanganate has been included to insure that organo-mercury compounds, if present, will 

be oxidized to the mercuric ion before measurement.  A heat step is required for methyl 

mercuric chloride when present in or spiked to a natural system.  For distilled water the 

heat step is not necessary. 

4.4 The range of the method may be varied through instrument and/or recorder expansion.  

Using a 30 mL sample, a detection limit of 0.2 µg Hg/L can be achieved. 

4.3 Extreme care should be taken when working with pure standard and stock standard 

solutions of these compounds and all handling of standards should be done in a hood.  

These compounds have been classified as known or suspected human or mammalian 

carcinogens. 

 

5.0 Summary of the Test Method 
 The flameless AA procedure is a physical method based on the absorption of radiation at 

253.7 nm by mercury vapor.  Organic mercury compounds are oxidized and the mercury is 

reduced to the elemental state and aerated from solution in a closed system.  The mercury vapor 

passes through a cell positioned in the light path of a flow injection Mercury system.  

Absorbance (peak height) is measured as a function of mercury concentration and recorded in the 

usual manner. 

 

6.0 Definitions 
6.1 Laboratory Quality System SOP QS08 “Technical / Operational Definitions, Minimum 

Essential Quality Control Elements, and Laboratory Calibration Procedures” provides 

information on the commonly used definitions.   

6.2 Refer to SOP-431 for common definitions. 

 

7.0 Interferences 
7.1 Possible interference from sulfide is eliminated by the addition of potassium 

permanganate.  Concentrations as high as 20 mg/L of sulfide as sodium sulfide do not 

interfere with the recovery of added inorganic mercury from distilled water. 

7.2 Copper has also been reported to interfere; however, copper concentrations as high as 

10 mg/L had no effect on recovery of mercury from spiked samples. 

7.3 Sea waters, brines and industrial effluents high in chlorides require additional 

permanganate (as much as 6.25 mL in 30 mL of sample).  During the oxidation step, 

chlorides are converted to free chlorine which will also absorb radiation at 253 nm.  Care 

must be taken to assure that free chlorine is absent before the mercury is reduced and 

swept into the cell.   This is accomplished by using an excess of hydroxylamine sulfate 

reagent (6.25 mL to 30 mL of sample).  
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7.4 Samples containing high concentrations of oxidizable organic materials, as evidenced by 

high chemical oxygen demand values, may not be completely oxidized of organic 

mercury will be low.  The problem can be eliminated by reducing the sample volume or 

by increasing the amount of potassium persulfate (and consequently stannous chloride) 

used in the digestion. 

 

 

8.0 Safety 
8.1. Normal accepted laboratory practices should be followed while performing this 

procedure. 

8.2. The toxicity and carcinogenicity of each reagent in this method have not been fully 

established.  Each chemical should be regarded as a potential health hazard and exposure 

to these compounds should be minimized by good laboratory practices.  Normal accepted 

laboratory practices should be followed during reagent preparation and instrument 

operation.  Always wear safety glasses or full-face shield for eye protection when 

working with these reagents.  Each laboratory is responsible for maintaining a current 

safety plan, a current awareness file of OSHA regulations regarding the safe handling of 

the chemicals specified in this method. 

 

8.3 Mercury compounds are highly toxic if swallowed, inhaled, or absorbed through the skin.  

The analyst should use chemical resistant gloves when handling concentrated mercury 

standards. 

8.4 The analyst should make sure that the system is vented to fresh permanganate in a bottle 

located at the back.  Otherwise Hg vapors could be vented to the room.   

 

9.0 Equipment & Supplies 
9.1 Perken Elmer Flow injection Mercury system. 

9.2 Mod Block Digester set to maintain 95+2°C for 2 hours. 

9.3 Polypropylene sample digestion vessels with snap or screw caps or equivalent. 

 Five vessels of each lot of digestion vessels must be taken through analysis to check for 

mercury. 

 

10.0 Reagents and Standards 
 

Reagent grade chemicals shall be used in all tests.  All reagents shall conform to the 

specifications of the Committee on Analytical Reagents of the American Chemical Society, 

where such specifications are available.  Other grades may be used, provided it is first 

ascertained that the reagent is of sufficiently high purity to permit its use without lessening the 

accuracy of the determination.  Certified stock standards are purchased from Spex, Ultra 

Scientific and other vendors depending on their availability.  The date they are received is noted 

on the label or container they are received in and in the LIMS system. The date the standards are 

opened they are recorded and given a sequential number in the LIMS system. All stock standards 

are stored at room temperature. 

 

10.1 REAGENTS 
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10.1.1 Concentrated sulfuric acid suitable for Hg determination. 

10.1.2 Concentrated nitric acid suitable for Hg determination. 

10.1.3 Stannous chloride:  In a 1000 mL volumetric flask add approximately 500 mLs 

D.I. water, 30 mLs concentrated HCl, add 11 grams stannous chloride crystals 

swirl to mix and dilute to 1000 mLs.  Prepare fresh daily. 

10.1.4 3% HCl Carrier Solution:  Dilute 30 mLs of concentrated metals grade HCl to one 

liter.  Prepare fresh daily.   

10.1.5 Sodium chloride-hydroxylamine chloride solution:  Dissolve 120 grams of 

sodium chloride and 120 grams of hydroxylamine hydrochloride (very high grade 

--Do not get from Tennessee Reagents) in D.I. water and dilute to 1 liter.   Note:  

this is normally made up 2 Liters at a time. 

10.1.6 Potassium permanganate:  5% solution, w/v:  dissolve 200 grams of potassium 

permanganate in 4000 mLs of D.I. water.  Should have "suitable for mercury 

determination" written on the side of the potassium permanganate bottle.  This 

reagent takes overnight stirring (minimum of 3 hours if absolutely necessary).  

Use stirring bar already in the reagent bottle for this purpose.  It is very easy to 

contaminate with mercury. 

10.1.7 Potassium persulfate:  5% solution, w/v:  dissolve 100 grams of potassium 

persulfate in 2000 mLs D.I. water.  Slight heating with stirring may be necessary 

to completely dissolve.  The formation of crystals in this solution is not a 

problem. 

 

10.2 STANDARDS 
 

10.2.1 Traceability 
 

10.2.1.1 All reference materials are given a unique identifier within Element and                                                  

labeled with the Element #.  This record shall include date of receipt, 

source, purity, all compositional information, storage conditions and 

expiration date.  These materials/solutions are to be identified by a unique 

number within Element as well as on the container's label. 

10.2.1.2 All working standards made from reference materials shall be labeled         

with a unique Element ID number with complete information on 

preparation date, concentration of each compound, solvent, preparer's 

name, and expiration date.  Reagents shall be labeled with date received 

and expiration date, if applicable.  All of the information described above 

shall also be recorded within Element.  Measurements made during 

standards preparation (e.g., from weighing operations, volume diluted to, 

etc.) shall also be recorded.  There should be no container with sample, 

sample extract, standard solution, etc. that is not correctly labeled and 

properly stored. 

10.2.1.3. NOTE: All standard solutions should be prepared using class A 

volumetric flasks, class A volumetric pipettes ( or calibrated Eppendorfs ). 

All standards, blanks, and samples are taken through the digestion process. 

10.2.1.4 Stock mercury solution: (100 µg/mL).  Order from manufacturer already 

prepared.  This solution is given a unique Element identifier. 
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10.2.1.5 Primary source and secondary source mercury standard solutions at 200      

ug/L: dilute 2 mLs of stock solution to 1000 mLs in a 1000 mL volumetric 

flask, with 1.5 mLs concentrated HNO3. This solution is recorded in 

Element and given a unique Element identifier. 

 

10.2.2 Calibration Standards 

Prepared from the primary source working standard. The preparation of the 

calibration standards, etc. is described below. 

 

10.2.2.1 Dilute the volumes below to 30 mLs in a 70 mL polypropylene vessel.  

(Note:  The standards are diluted to 10 mLs for the initial step of the 

digestion.  From that point when 25 mLs of DI water are added to 

samples, 15 mLs of DI water is added to the standards. 

 

   ug/L Hg   mLs of 200 ug/L standard in 30 mLs 

0.20    0.03 

0.50    0.075 

1.0     0.15 

2.0     0.30 

4.0     0.60 

6.0     0.90 

10.0 1.5 

 

10.2.2.2 Appropriate reagents are added as below in the sample preparation  

section. 

10.2.2.3 Prepare one vessel for each. 

10.2.2.4 It is necessary to digest the calibration standards. 

 
10.2.3 Calibration Verification Standards 

 

10.2.3.1. Initial calibration verification ( ICV ) solution – 4.0 ug/L 

10.2.3.1.1 Prepared by diluting 0.6 mL of the second source standard to 30 

mL with reagent water in a 70 mL polypropylene vessel. (TV = 4.0 

ug/L) 

10.2.3.1.2 Appropriate reagents are added as below in the sample 

preparation section. 

10.2.3.1.3 It is necessary to digest the ICV standards for Method 7470A, 

Method 245.1 does not require digestion of standards. 

 

10.2.3.2 Continuing calibration verification ( CCV ) solution 

10.2.3.2.1 Prepared from the primary source standard. 

10.2.3.2.2 Prepared by diluting 0.3 mL of the primary standard at 200 

ug/L to 30 mLs with reagent water in a 70 mL polypropylene 

vessel for 2.0 ug/L or 0.6 ml to 30 mls for 4.0 ug/L. 
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10.2.3.2.3 Appropriate reagents are added as below in the sample 

preparation section. 

10.2.3.2.4 It is necessary to digest the CCV standards for Method 7470A, 

Method 245.1 does not require digestion of standards. 

 

 

10.2.4 Digestion standards 

 

10.2.4.1 Blank Spike 

 

10.2.4.1.1 Prepared from the secondary source standard. 

10.2.4.1.2 Prepared by diluting 0.3 mL of the second source standard to 30 

mL with reagent water in a 70 mL polypropylene vessel. 

10.2.4.1.3 Appropriate reagents are added as below in the sample 

preparation section. 

10.2.4.1.4 This solution should be given a unique identifier within 

Element. 

 

10.2.1.2 Matrix Spikes 

 

10.2.1.2.1 Prepared from the secondary source working standard. 

10.2.1.2.2 Prepared by diluting 0.3 mL of the second source standard to 30 

mL with sample in a 70 mL polypropylene vessel.  Project specific 

or method specific requirements may over-ride the spiking level. 

10.2.1.2.3 Appropriate reagents are added as below in the sample 

preparation section. 

 

11.0     Sample Collection, Preservation, Shipment, and Storage 

 
11.1 Samples are preserved by acidification with nitric acid to a pH of 2 or lower immediately 

at the time of collection, and refrigeration to 4°C. 

 

11.2 The holding time for the mercury digestion is 28 days from time of sampling. 

 

12.0 Quality Control 
12.1 Quality Systems SOP QS08 “Technical / Operational Definitions, Minimum Essential 

Quality Control Elements, and Laboratory Calibration Procedures” outlines details 

related to laboratory wide protocols on quality control. 

 

12.2 An initial demonstration must be performed by each analyst performing this method. 

Four BS’s are analyzed at 0.10ug/L. See Table 2 for acceptance criteria. 

 

12.3 (Reference SW-846, 7470A Update III, USEPA CLP ILMO 4.1 or 245.1, Rev 3.0, 

5/94 for further clarification) 

 
12.4 Daily 
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12.4.1. The instrument must be calibrated daily for all projects.   

12.4.2 Begin each analysis with an ICV(QCS) second source.  The control limits are 

+10% and IPC (CCV) for 245.1, limits are + 5% and subsequent analyses are + 

10%. 

12.4.3 Analyze ICB.  Control limits (<±MDL for USACE or ±RL/CRDL for others and 

CLP)., depending on method. No analyte detected >2xMDL for DOD. 

12.4.4 If the ICV (QCS) is not in control a new curve must be analyzed prior to sample 

analysis.   

12.4.5 If the IPC (initial CCV) for 245.1 is not within the limits of ±5%, try preparing 

another undigested CCV and reanalyzing before recalibrating.  If this fails then a 

recalibration is necessary. 

12.4.6 Follow each set of 10 samples with a CCV and also must end up with a CCV after 

the last sample.  The control limits are +20% for SW846-7470 and ± 10% for 

245.1. 

12.6.7 A CCB must always follow a CCV, the control limit is (<±MDL for USACE or 

±RL/CRDL for others and CLP). CCB must be run at the beginning and end of a 

sequence and after every 10 samples. No analyte detected  >2xMDL for DOD. 

12.5 Quarterly or as needed when doing straight CLP work. 

12.5.1 IDL’s for CLP 4.1. 

12.6   Digestion 

12.6.1 BS data should be maintained and available for easy reference or inspection. 

12.6.2 BLK (<1/2 ±RL or ±RL/CRDL for common contaminates (DOD) and 

±RL/CRDL for others and CLP). 

12.6.2.1 Employ a minimum of one preparation blank (BLK) per sample batch to 

determine if contamination or any memory effects are occurring.  The 

BLK is taken through the same digestion/preparation steps as the samples 

being tested.  The result for the preparation blank must be below the 

method detection limit.  If not, the analyst must use good judgment to 

evaluate the impact upon the associated samples.  There is no impact if an 

associated sample is below the method detection limit nor if the level in 

the sample is greater than 10X the level found in the preparation blank.  If 

the level of mercury in a sample is above the method detection limit but 

less than 10X the level found in the preparation blank, the sample must be 

re-digested and re-analyzed or the data must be qualified on the final 

report.  The project manager or QA manager will make this determination. 

12.6.3 Laboratory control sample ( BS ) 

12.6.3.1. Employ a minimum of one laboratory control sample ( BS ) per sample 

batch to verify the digestion procedure.  The BS is taken through the same 

digestion/preparation steps as the samples being tested.  The minimum 

control limits are +20% for SW846-7470 and ±15% for 245.1.  If the BS is 

not in control, the impact upon the client data should be evaluated and the 

associated sample(s) should be either re-digested or the data should be 

qualified. The project manager or QA Officer will make this 

determination. 

12.7   Sample matrix: 
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12.7.1 Analyze one replicate sample for every twenty samples. A replicate sample is a 

sample brought through the whole sample preparation and analytical process in 

duplicate.  It is acceptable to substitute a matrix spike duplicate for the sample 

replicate.  CLP does not allow this.  Project specific requirements will take 

precedence in these situations. 

12.7.2 Analyze one spiked sample and spiked sample duplicate for every twenty 

samples. A replicate sample is a sample brought through the whole sample 

preparation and analytical process in duplicate.  Project specific requirements will 

take precedence in these situations.  CLP requires 1 duplicate and 1 spike per 

batch.  If the analyte level in the sample is not greater than four times the spiking 

level, the spike recoveries should be within +25% of the true value ( + 20% for 

DOD projects).  If not, check with supervisor to determine appropriate action.  

The final analytical report must document this situation. 

NOTE:  For TCLP extracts, a matrix spike must be performed for each different 

matrix.  The method of standard additions must be used if the sample spike 

recovery is not at least 50% and the concentration of Hg does not exceed the 

regulatory level and if the concentration of Hg measured in the extract is within 

20% of the regulatory level.  

12.7.3 The relative percent difference (RPD) between replicate determinations is to be 

calculated as referenced in the laboratory QA manual.  (A control limit of + 20% 

RPD shall be used for sample values greater than ten times the instrument 

detection limit.)  Supervisor must be notified if the control limit is not met.  

Supervisor will determine corrective action if required.  The final analytical report 

must document this situation. 

12.7.4 For 245.1 analyze one serial dilution (1 to 5 dilution) for every 20 samples or per 

analytical batch, whichever is more frequent.  Percent recovery should be ±10%.  

The concentration of the original sample should be a minimum of 50X the IDL in 

order to apply the recovery criterion; if not, the serial dilution approach is not 

used.  

12.7.5 When the sample matrix is so complex that viscosity, surface tension, and 

components can not be accurately matched with standards, the method of standard 

addition (MSA) is recommended.  Section 8.6 of SW846-7000A provides tests to 

evaluate the need for using the MSA. 

 

13.0 Calibration and Standardization 
 

Quality Systems SOP QS08 “Technical / Operational Definitions, Minimum Essential Quality 

Control Elements, and Laboratory Calibration Procedures” related to Calibration Procedures 

provides laboratory wide protocols for calibration and standardization. 

 

13.1 Set up the instrument with proper operating parameters. 

 

13.1.1 Perkin Elmer Flow Injection Mercury System (FIMS).  

13.1.1.1. Replace any old tubing that is around the pump cylinder.  The sample 

transfer tubing connected to the separator cover must not have any 

moisture in it. If it does replace it. (Perkin-Elmer tygon tubing, waste 
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and carrier 1.52mm I.D., waste only 3.17mm I.D., stannous chloride 

1.14mm I.D.) 
13.1.1.2 Also replace the filter membrane with the rough side up. (for instructions 

refer to page 1-22 in maintenance  manual.) 

13.1.1.3 Turn on PE 100 spectrophotmeter; (Note:  this must be on in order to 

start up the software on the computer.) 

13.1.1.4 Turn on computer and go to icon “AA Win LAB Analyst”. 

13.1.1.5 Go to method; select “Hg CAL 2” then OK. 

13.1.1.6 Wavelength = 253.7;  smoothing points =9; measurement = peak height;   

read time =18sec.; BCC time = 2 sec. 

13.1.1.7 Go to “Sample Info” and enter the order of the samples and other 

information that may be needed. 

13.1.1.8 Save entered sample list under “Save ….sample info file” Note: 

description and batch ID are normally the date of analysis. 

13.1.1.9 Go to “auto”; then to set-up.  Select Browse in both spaces.  One is to  

bring up your saved “Sample Information” File.  The other is to select a 

results library.  Double click on heading and choose. 

13.1.1.10 Turn the printer on. 

13.1.1.11 Connect all tubing to the pump and blocks. 

13.1.1.12 Start the pump by going to “FIAS” and click the pump 1 Icon (120). 

13.1.1.13 The pump will start, then lock down and tighten the tubes onto the 

pump. 

13.1.1.14 Turn on the nitrogen tank, it should be above 500 psi on the gauge.  

Replace the nitrogen tank when it is at 500 psi. 

13.1.1.15 The pressure gauge on the PE100 should be just below 100. 

13.1.1.16 Use the tension adjuster to press down the tubing magazine to the pump 

head on the top and bottom.  Start the pump and then lock them down.  

This technique needs to be demonstrated so that a new user will be able 

to understand what is needed here and how to do it. 

13.1.1.17 Adjust the spring tension tubing until there is a constant “bubble of low 

rate” coming out to the waste tube. 

13.1.1.18 Place carrier tubes into carrier and stannous chloride tube into SnCl2.  

(Click the valve fill inject and make sure flow is correct and the line is 

rinsed). 

13.1.1.19 Make sure the permanganate waste bottle is bubbling in order to absorb 

any Hg vapors which could be vented into the room.   

13.1.1.20 Allow a few minutes for reagents to flow through the system before 

starting analysis. 

13.1.1.21 Calibrate:  Go to “Auto” click on “Analyze”, click on “calibrate”. 

13.1.1.22 “Select Location” enter #’s to be ran, and then press  “OK”.  Samples 

are done in increments of 10 samples 

 

13.2 Analyze the calibration standards as below. 

13.2.1 New calibration points must be analyzed when the ICV analysis is not within ± 

5%.  A curve must be analyzed daily for all projects especially USACE and 

CLP projects.   
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13.2.2 The curve should be linear with a calculated intercept with a minimum correlation 

coefficient (r) of >0.995 ( USACE ) or 0.998 ( other ).  If not, a new curve must 

be analyzed. 

 

14.0 Procedure 
14.1 Glassware preparation 

14.1.1 After use, samples are neutralized and disposed down an acid sink with running 

water and rinsed with tap water.  Or the sample may be discarded into the 

Mercury waste drum. 

14.1.2 Acid clean the glassware used for mercury prep as follows: 

14.1.2.1 Rinse with low Hg content 1:1 HCl. 

14.1.2.2 Rinse with D.I. water. 

 

14.2 Label the vessels indicating which sample will be in each. 

 

14.3 Prepare calibration standards as detailed above.  Add all reagents to the standards which 

are added to the samples as outlined below.   

 

14.4 Sample preparation 

14.4.1. Transfer 30 mLs, or an aliquot diluted to 30 mLs of sample to the 30 mL mark on 

a 50 mL digestion vessel previously marked for this sample. 

 

NOTE: Normally, an automatic dilution of 10X to 100X is performed for all 

TCLP extracts.  All TCLP samples get one matrix spike unless several come in at 

one time from the same client with the same matrix.  Then one in ten of the same 

matrix gets spiked. Check with your manager. 

 

14.4.2 Add 1.5 mLs of concentrated sulfuric acid to each vessel and mix. 

14.4.3 Add 0.75 mL of concentrated nitric acid to each bottle and mix. 

14.4.4 Add 4.5 mLs potassium permanganate solution to each vessel and mix.  For 

sewage samples additional permanganate may be required.  Shake and add 

additional portions of potassium permanganate to the solution if necessary, until 

the purple color persists for at least 15 minutes (not more than 7.5 mLs).  If the 

purple color does not persist after the addition of 7.5 mLs KMnO4 the sample 

must be diluted prior to digestion.  Inform your manager that the minimum 

detection limit cannot be reached for that particular matrix.  
 

NOTE: The same amount of KMnO4 added to the samples should be present in 

the standards and blanks. 

 

14.4.5 Add 2.4 mLs of potassium persulfate to each vessel and mix.  Cover. 

14.4.6 Heat for 2 hours in the block digester at 95+2°C (the block temperature must be 

monitored and documented.  Record observed temperature, correction factor, and 

the corrected temperature), cool. 

14.4.7 Samples may be saved at this point if there is not time to run the whole set that 

day. 
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NOTE:  Stannous Chloride (VII. A 5.) and 3% HCl (VII. A 8.) are added by 

the instrument during analysis. 
 

14.5 Sample analysis 

14.5.1 Set up the instrument as described in the calibration section above.    

14.5.2 When ready to run samples, add 1.8 mLs of sodium chloride-hydroxylamine 

chloride to reduce the excess permanganate.  Sample analysis must be preceded 

by the analysis of an ICV with control limits of +10% for SW846-7470 and ±5 % 

for 245.1.  Followed by the ICB (< ±MDL for USACE or ±RL/CRDL for others 

and CLP). 

14.5.3 Each set of ten samples and at the end of the analytical run must be followed by a 

CCV with control limits of +20% for SW846-7470 and ±10% for 245.1. 

14.5.4 CCB must always follow the CCV.  Control limits are (<±MDL for USACE or 

±RL/CRDL for others and CLP). CCB must be run at the beginning and end of a 

sequence and after every 10 samples. No analyte must be detected  >2xMDL 

for DOD. 
14.5.5 The auto-sampler log is set up to analyze 106 samples at a time. 

Instrument Run Log example: 

 

AS LOC             Sample ID 
0 Wash 

1  0.0 

2  0.02 

3  0.05 

4  0.1 

5  0.2 

6  0.4 

7  0.6 

8  1.0 

9  SEQ-ICV 

10  SEQ-ICB 

11  BS 

 

                                    AS LOC     Sample ID 
12  BLK 

13 Sample 

14 Sample 

15 Sample 

16 Sample 

17 Sample 

18 Sample 

19 Sample 

20 Sample 

21 SEQ-CCV 

22 SEQ-CCB 
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23 Sample 

24 Sample 

25 Sample 

26 Sample 

27 Sample 

28 Sample 

29 Sample 

30 Sample 

31 MS 

32 MSD 

33 SEQ-CCV 

34 SEQ-CCB 

 

14.6 Data Reporting 

14.6.1 Reduce data to result which will be reported. 

14.6.2 Complete the data review checklist (attached).  Must be completed and attached 

to each set of USACE data. 

 

15.0 Data Analysis and Calculations 

 
15.1 Quality Systems SOP QS09 “General and Commonly used Laboratory Calculations” 

provides details on general calculations used throughout the laboratory. 

15.2 Apply a least squares fit to the calibration standards plotting µg Hg/L versus the 

absorbance. For the concentration of the standards, assume 30 mL of solution volume ( 

the 0.1 µg Hg standard will be input as 1.0 µg Hg/L )  

 ( 0.1µg Hg / 0.030 L solution ). 

15.3 Input the sample absorbance into the mercury spreadsheet making sure that you are  using 

the correct spreadsheet for the matrix of the sample. 

15.4 Also make sure that the appropriate dilution factor is inputted in the correct space on the 

spreadsheet. 

15.5 Report the data as µg Hg/L of sample. 

 

16.0 Method Performance 

 
16.1 Demonstration of Capability (DOC):  Each analyst must perform a DOC prior to 

reporting data.  The analyst must prepare (for prep technicians) and analyze (analysts 

reviewing and reporting data) 4-BS samples.  The data is calculated for accuracy and 

precision requirements.  The DOC form, as listed within section 2.5 of the Quality is 

completed by each analyst and then provided to the supervisor for further processing and 

approval.  See Table 2 for acceptance criteria.  When analyzing DOCs for DOD QSM 

Version 4.1, DOD limits will be used. 
 

 DOC BS Preparation: Dilute 0.3 mL of the second source standard to 30 mLs with reagent         

water in a 70 mL polypropylene vessel. Follow SOP procedure for preparation and analysis 

steps. 
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                  DOC Accuracy and Precision Criteria: The four BS’s for the DOC need to be within the      

methods recovery ranges. Duplicates should be below 20% relative percent difference.  

. 

 

17.0 Pollution Prevention 

 
Quantity of chemicals purchased should be based on expected usage during its shelf-life and the 

disposal cost of unused material. Actual reagent preparation volumes should reflect anticipated 

usage and reagent stability. 

 

18.0 Data Assessment and Acceptance Criteria for Quality Control Measures 

 
Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  Laboratory Non-

Conformance / Corrective Action Procedures, Decision Making Guidelines for Evaluating 

Laboratory Analytical Sample and Quality Control Results”, provides details on data assessment 

and acceptance criteria for Quality Control Measures.  Table 2 of this SOP provides information 

on QC samples, frequency, and the associated criteria specific to the performance of this method. 

 

19.0 Contingencies for Handling out-of-control or unacceptable data 

 
19.1 Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  Laboratory 

Non-Conformance / Corrective Action Procedures, Decision Making Guidelines for 

Evaluating Laboratory Analytical Sample and Quality Control Results”, provides details 

on handling out of control data.  Table 2 within this SOP also lists corrective actions 

associated with the failure of the various QC samples employed for the performance of 

this method. 

 

 19.2 CORRECTIVE ACTIONS: INSTRUMENT RELATED 

19.2.1 ICV (QCS for 245.1)- second source not within + 10%. 

A. If the problem is with the solution, re-prepare, obtain new stock if 

necessary. 

B. If the problem is with the calibration, recalibrate through analysis of 

appropriate standards and recheck ICV. 

19.2.2 CCV not within + 20% for SW846 and ±10% for (245.1, + 5% for initial IPC 

and + 10% for subsequent IPCs) 

A. If the problem is with the solution, re-prepare, obtain new stock if 

necessary. 

B. If the problem is with the calibration, recalibrate through analysis of 

appropriate standards and re-prepare/reanalyze the previous ten sample 

according the following guidelines. 

1. If the CCV was biased high, any of the previous ten samples which 

were below the detection limit do not require reanalysis. 

2. If the CCV was biased low, the previous ten samples must be 

reanalyzed. 

 
19.3 CORRECTIVE ACTION: DIGESTION RELATED 
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19.3.1 The preparation blank less than <1/2 RL or ±RL/CRDL for common contaminates 

(DOD) and ±RL/CRDL for others and CLP. 

A. If the problem is with the instrument or stannous chloride. 

 Analyze a reagent blank to determine the stannous chloride and the 

instrument are behaving properly.  If this check has detectable mercury, 

re-prepare the stannous chloride or determine if there are any problems 

with the instrument.  Contact supervisor immediately. 

B. If the problem is with the digestion. 

 All associated samples which are below the RL, CRDL or have a level of 

mercury greater than 5X the level found in the preparation blank can be 

reported.  If the level of mercury in an associated sample is not BMDL nor 

greater than 5X the level found in the preparation blank, the sample must 

be re-digested/re-analyzed or reported as qualified.  The project manager 

or QA manager will make this determination. 

C. LCS not within control limits (or +20%, + 15% for 245.1 ). 

1. If the problem is with the instrument, reanalyze when instrument is 

in control if further sample bottles are available. 

2. Is the problem is with the digestion. 

a. If biased low, associated samples must be re-digested. 

b. If biased high, the impact upon the data user must be 

evaluated.  The samples will be re-digested or the data will 

be qualified on the final report. 

 

19.4 CORRECTIVE ACTION: SAMPLE MATRIX RELATED 

19.4.1 Replicate analysis RPD not within +20% 

 The associated sample data must be qualified on the final report. 

19.4.2 Spike analysis recovery not within +25%( + 20% for DOD projects) 

A. If the analyte level in the sample is greater than 4X the spiking level, the 

%recovery can not be evaluated and no action is taken. 

B. If the analyte level in the sample is not greater than 4X the spiking level, 

the associated sample data must be qualified on the final report.  TCLP 

extracts must be evaluated as in section XI.D.2 above.  The associated 

sample data must be qualified on the final report. 

19.4.3 When the sample matrix is so complex that viscosity, surface tension, and 

components can not be accurately matched with standards, the method of standard 

addition (MSA) is recommended.  Section 8.6 of SW846-7000A provides tests to 

evaluate the need for using the MSA. 

 

 

20.0 Waste Management 

 
20.1 Laboratory SOP QS14 on Waste Handling discusses general guidelines for the 

appropriate handling of wastes and the laboratory program on waste management. 

20.2 Please see Waste Disposal SOP-405, for instruction of proper disposal of waste generated 

from this area. Quantity of chemicals purchased should be based on expected usage 
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during its shelf-life and the disposal cost of unused material. Actual reagent preparation 

volumes should reflect anticipated usage and reagent stability. 

 

 

21.0 References 
21.1 Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846; Third 

Edition (Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846; 

Third Edition (Update III); Method 7470A. 

21.2 USEPA Code of Federal Regulations, 40, CH 1,PT 136; Method 245.1; APX-B. 

21.3 USEPA Contract Laboratory Program(CLP) for Inorganics ILM04.1; ILM05.2 

 

 

22.0 Tables, Diagrams, Flowcharts and Validation Data 
22.1 Table 1, all applicable parameters, including the surrogates and internals with the 

applicable RL and lowest calibration standard. 

22.2 Table 2, for all technical methods, should always be the QA/QC summary table and I am 

including a format for this at the end. 

22.3 Table 3, Technical Completeness / Accuracy Checklist 

22.4 Table 4, Data Reviewers Checklist 

22.5 Validation data would be actual documentation (eg: a pdf email from a regulator 

explaining the approach to a method, etc.) or a side by side study performed to reach to 

our approach on how we handle the method. 
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APPENDIX: 

 

 

ADDENDUM FOR USEPA SOW ILM05.2 

 

 
1. The CCV concentration must be different from the ICV. 

 

2. The same CCV shall be used throughout analysis for an SDG. 

 

3. Calibration standards must be within 5% of the standard concentration. 

 

4. A CRA must be analyzed after the ICV/ICB and after each batch of 20 samples, but before the 

final CCV/CCB.  The control limit is ±30%. 

 

5. Spike samples at 1 ug/L for water. 
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 Table 1 

 

 

 

 

Aqueous Method Detection Limits(MDL)/Detection Limit(DL), Limit of Detection(LOD) 

Empirical Laboratories’ Reporting Limits(ERL)/Limit of Quantitation(LOQ), 

 CLP OLM04.1 & OLM05.2  

Contract Required  Quantitation Limits (CRQL) 

Mercury by EPA 245.1, 7470A,  

  SOW 4.1 & 5.2 

AQUEOUS 

MDL/DL 

(ug/L) 

AQUEOUS 

LOD 

(ug/L) 

AQUEOUS 

ERL/LOQ 

(ug/L) 

AQUEOUS 

CRQL  

ILMO 4.1 

(ug/L) 

AQUEOUS 

CRQL  

ILMO 5.2 

(ug/L) 

Mercury 

 

0.080 0.16 0.20 0.20 0.20 
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Table 2 - Method Quality Control Requirements Summary 

 

QC Check Minimum Frequency / 

Requirements 

Acceptance Criteria Corrective Action for Failures / Data 

Useability 
Initial calibration (ICAL) • Daily ICAL prior to sample analysis 

• Low standard at the RL/LOD level 

• If more than one calibration standard is 

used, r  > 0.995 

• Must follow curve processing 

requirements from SOP QS08 

 

• Re-run curve 

• Check instrument for maintenance needs 

 

Samples cannot be analyzed until there is a 

passing calibration 

Second source calibration 

verification (ICV) 

Once after each ICAL, prior to beginning 

a sample run. 

Must be within + 10% of true value • Re-run ICV 

• Repeat ICAL 

Continuing calibration 

verification (CCV) 

 

• After every 10 field samples and at 

the end of analysis sequence. 

• + 20% of true value • Correct problem, rerun CCV. If that fails, 

then repeat ICAL. Reanalyze all samples 

since the last successful CCV. 

Method Blank (BLK) One per prep batch No analytes detected > ½ RL and greater 

that 1/10 the amount measured in any 

sample or 1/10 the regulatory limit 

(whichever is greater). Blank result must 

not otherwise affect sample results. For 

common laboratory contaminants, no 

analytes detected > RL 

• Re-analysis to confirm the positive value 

• Notify the PM for further action 

• Re-prep of samples associated with the 

BLK 

• NCR will be required for data reported 

Calibration Blank  Before beginning a sample run, after 

every 10 samples, and at end of the 

analysis sequence. 

No analytes detected > LOD. Correct problem. Re-analyze calibration blank. 

All samples following the last acceptable 

calibration blank must be reanlyzed. 

BS One per prep batch Most stringent criteria listed within the 

LIMS. 

 

• Re-analyze to confirm failed. 

• Re-prep and reanalyze BS and all samples 

in the associated prep batch for failed 

analytes, if sufficient sample material 

is available.  

• NCR will be required for data reported 

MS One per prep batch, if sample volume 

available. 

Criteria listed within LIMS or specified by 

client. 
• Follow guidelines from SOP QS05 

MSD One per prep batch, if sample volume 

available. 

Criteria listed within LIMS or specified by 

client. 
• Follow guidelines from SOP QS05 
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Table 2 - Method Quality Control Requirements Summary 

 

QC Check Minimum Frequency / 

Requirements 

Acceptance Criteria Corrective Action for Failures / Data 

Useability 
DOC Study • Initially per analyst prior to reporting 

data 

• Annually 

• Follow specific guidelines from 

section 16 for the preparation and 

analysis of DOC samples  

• Average percent recovery should be 

between 80-120%, with a 20% standard 

deviation. 

• Re-prep and / or re-analysis 

 

MDL Study Once per year  

• Calculated value must be less than the 

Spike level 

. 

• Re-prep and / or re-analysis 

• Follow guidelines from SOP QS05 

LOD Verification Every quarter • Parameter must be detected 

• the response must be 3-times the noise 

level 

 

• Re-prep and / or re-analysis 

• Follow guidelines from SOP QS05 

LOQ Verification Every quarter • Bias Requirement: 

     Inorganics 50-150% 

• The LOQ value must be greater than the 

LOD value 

• Re-prep and / or re-analysis 

• Follow guidelines from SOP QS05 
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Table 3, Technical Completeness / Accuracy Checklist 

 
 

1. Were all the QC check elements analyzed – refer to Table 2 of the SOP 

2. Were the QC criteria met 

3. In cases of failures, was there an NCR written 

4. Were dilution factors applied correctly 

5. Was the data uploaded into LIMS via direct upload – if yes, then was a cross check subset of 

the uploaded values performed 

6. If the data was entered into LIMS manually, was a check of all entered values performed 

7. Was the red marked data in LIMS checked for accuracy and the corresponding hard copy 

data documented appropriately 

8. Were proper data qualifiers applied to the data in LIMS 

9. Was the hard copy package checked for completeness to include all data for the sequence 

such that the data reviewer could reconstruct sample analyses and validate / approve the data 

 

 

Table 4, Data Reviewers Checklist (Prior to approving data) 

 

 
 

ANALYST DATA REVIEW CHECKLIST 
 

 

Sample Number(s): 

Batch Number(s):                                                               Sequence ID: 

Method: 7470A/245.1 ( Mercury ) 

 

 
 

QA/QC Item 
 

Yes 
 

No 
 

NA 
Second Level 

Review 
 
1. Were samples analyzed within USACE holding times? 

 
 

 
 

 
 

 
 

 
2. Was initial calibration curve QC criteria met? 

 
 

 
 

 
 

 
 

 
3. Was all continuing calibration criteria in control? 

 
 

 
 

 
 

 
 

 
4. Did any sample exceed the highest calibration standard? 

    

 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

 
5. Did BS meet control limits? 

 
 

 
 

 
 

 
 

 
6. Did MS/MSD meet control limits? 

 
 

 
 

 
 

 
 

 
7. Was the preparation Blank (BLK) below the project required 
 detection limits? 

 
 

 
 

 
 

 
 

 
8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

 
9. Was water bath temperature monitored/documented and did 
you apply the thermometer correction factor? 
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10. Sample preparation information is correct and complete. 

 
 

 
 

 
 

 
 

 
11. Analytical results are correct and complete. 

 
 

 
 

 
 

 
 

 
12. The appropriate SOP's have been used and followed. 

 
 

 
 

 
 

 
 

 
14. "Raw data" including all manual integration's have been 
correctly interpreted. 

 
 

 
 

 
 

 
 

 
15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

 
16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

   

Comments on any "No" response: 

 

               Analyst:  Date:  

    

Second-Level Review:  Date:  
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Changes Summary 

Revision 19, 04/11/10 

• The SOP is an update from Revision 18 dated 03/25/10. 

 

Revision 18, 03/08/10 

• The SOP is an update from Revision 17 dated 01/29/09. 

• The SOP is formatted to include all 22-elements required per the NELAC standards 

• The laboratory’s revision of all technical SOPs now includes a Table of Contents that provides 

the map of the technical information contained within the SOP. 

• Additional requirements, based upon the DOD QSM 4.1, have been integrated into the routine 

sample flow; however, if the requirement is different from routine sample flow, then the 

requirement is outlined and documented as such to be followed only when DOD samples are 

analyzed. 

• Numerous improvements/modifications were made to this SOP. Details/specifications were 

added that require evaluation from start to finish.  
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Table of Contents 
1. Identification of the Test Method 

2. Applicable Matrix or Matrices 
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8. Safety 

9. Equipment & Supplies 

10. Reagents and Standards 

11. Sample Collection, Preservation, Shipment, and Storage 

12. Quality Control 

13. Calibration and Standardization 

14. Procedure 

15. Data Analysis and Calculations 

16. Method Performance 
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18. Data Assessment and Acceptance Criteria for Quality Control Measures 
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20. Waste Management 

21. References 

22. Tables, Diagrams, Flowcharts and Validation Data and Addendum 
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1.0 Identification of the Test Method 
1.1 This SOP is compliant with USEPA method 245.5, SW-846 method 7471A&B and CLP 

SOW ILM04.1. 

 

2.0 Applicable Matrix or Matrices 
2.1 This procedure measures total mercury (organic and inorganic) in soils, sediments, bottom 

deposits and sludge type materials.  

 

3.0 Detection Limit 
3.1 The range of the method is 0.2 to 2 µg/g.  The range may be extended above or below the 

normal range by increasing or decreasing sample size or through instrument and recorder 

control. 

3.2 Method Detection Limit (MDL), Empirical Laboratories’ Reporting Limit (ERL), 

Contract Required Quantitation Limit (CRQL) and Analyte Wavelength: 

 

Limits Table 

 

Wavelength Table 
 

 

ANALYTE 

 

WAVELENGTH 

Mercury 253.7 

 

 

4.0 Scope of Application, Including Components to Be Analyzed 
4.1 Each parameter that is analyzed and reported under the scope of this SOP is listed in Table 

1 of this SOP.  This table also lists the associated Reporting Limit (also defined as the 

LOD) and the lowest Calibration level for each analyte.  When applicable, surrogate and 

Internal Standard Analytes are listed and indicated as such within this table. 

4.2 This method is a cold-vapor atomic absorption procedure for determining the concentration 

of mercury in soils, sediments, bottom deposits, and sludge-type materials. All samples 

must be subjected to an appropriate dissolution procedure prior to analysis. 

4.3 Extreme care should be taken when working with pure standard and stock standard 

solutions of these compounds and all handling of standards should be done in a hood.  

Soil/Solid Method Detection Limits(MDL)/Detection Limit(DL), Limit of Detection(LOD) 

Empirical Laboratories’ Reporting Limits(ERL)/Limit of Quantitation(LOQ), 

 CLP OLM04.1 & OLM05.2  

Contract Required  Quantitation Limits (CRQL) 

Mercury by EPA 245.1, 245.5 

7471A,   SOW 4.1 & 5.2 

SOLID/SOIL 

MDL/DL 

(mg/Kg) 

SOLID/SOIL 

LOD 

(mg/Kg) 

SOLID/SOIL 

ERL/LOQ 

(mg/Kg) 

SOLID/SOIL 

 CRQL  

ILMO 4.1 

(mg/Kg) 

SOLID/SOIL 

 CRQL  

ILMO 5.2 

(mg/Kg) 

Mercury 

 

0.013 0.026 0.033 0.10 0.10 
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These compounds have been classified as known or suspected human or mammalian 

carcinogens. 

 

5.0 Summary of the Test Method 
5.1 A weighed portion of the sample is acid digested for 2 minutes at 95+2°C, followed by 

oxidation with potassium permanganate and with a secondary digestion at 95°C for 

30 minutes.  Mercury in the digested sample is then measured by the conventional cold 

vapor technique. 

 

6.0 Definitions 
6.1 Laboratory Quality System SOP QS08 “Technical / Operational Definitions, Minimum 

Essential Quality Control Elements, and Laboratory Calibration Procedures” provides 

information on the commonly used definitions.   

6.2 Refer to SOP-431 for common definitions. 

 

7.0 Interferences 
7.1 Potassium permanganate is added to eliminate possible interference from sulfide.  

Concentrations as high as 20 mg/kg of sulfide, as sodium sulfide, do not interfere with 

the recovery of added inorganic mercury in reagent water. 

7.2 Copper has also been reported to interfere; however, copper concentrations as high as 

10 mg/Kg had no effect on recovery of mercury from spiked samples. 

7.3 Samples high in chlorides require additional permanganate (as much as 12.5 mLs) 

because, during the oxidation step, chlorides are converted to free chlorine, which 

also absorbs radiation of 253 nm.  Care must therefore be taken to ensure that free 

chlorine is absent before the mercury is reduced and swept into the cell.  
7.4 Certain volatile organic materials that absorb at this wavelength may also cause 

interference.  A preliminary run without reagents should determine if this type of 

interference is present. 

 

8.0 Safety 
8.1 Laboratory SOP QS13 “Safety Program & Chemical Hygiene Plan” discusses the safety 

program that is to be followed lab-wide. 

8.2  Normal accepted laboratory practices should be followed while performing this 

procedure. 

8.3 The toxicity and carcinogenicity of each reagent used in this method has not been fully 

established.  Each chemical should be regarded as a potential health hazard and exposure 

to these compounds should be minimized by good laboratory practices.  Normal accepted 

laboratory safety practices should be followed during reagent preparation and instrument 

operation.  Always wear safety glasses or full-face shield for eye protection when 

working with these reagents.  Each laboratory is responsible for maintaining a current 

safety plan, a current awareness file of OSHA regulations regarding the safe handling of 

the chemicals specified in this method. 

8.4 Mercury compounds are highly toxic if swallowed, inhaled, or absorbed through the skin.  

Analyses should be conducted in a laboratory exhaust hood.  The analyst should use 

chemical resistant gloves when handling concentrated mercury standards. 
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9.0 Equipment & Supplies 
9.1 Perkin Elmer Flow Injection Mercury System (FIMS). 

9.2  Perkin Elmer AS 90. 

9.3 Mercury lamp. 

9.4 Environmental Express Mod-Block digestion block capable of holding 95+2°C for 2 

hours. 

9.5  A scale or balance capable of weighing to 0.01 + 0.02 gram. 

9.6 Snap cap digestion polypropylene vessels for use with the mod block digester. 

Five vessels of each lot must be taken through analysis to check for mercury. 

9.7 Polypropylene watch glasses suitable for use with the above vessels in F above. 

9.8 Manual Sample Mill 

9.9 Wiley Sample Mill 

9.10 Clippers for cutting vegetation 

 

10.0 Reagents and Standards 
10.0.1  The laboratory’s LIMS system allows for complete documentation and for the 

traceability of reagents and standards used within the laboratory.  The following 

information relates to the specific reagents and standards used for the performance of the 

method: 

 

10.0.2 Reagent grade chemicals shall be used in all tests.  All reagents shall conform to the 

specifications of the Committee on Analytical Reagents of the American Chemical 

Society, where such specifications are available.  Other grades may be used, provided it 

is first ascertained that the reagent is of sufficiently high purity to permit its use without 

lessening the accuracy of the determination.  Certified stock standards are purchased 

from Spex, Ultra and other vendors depending on their availability.  The date they are 

received is noted on the label or container they are received in and in the LIMS system. 

The date the standards are opened they are recorded and given a sequential number in the 

LIMS system. All stock standards are stored at 4 ° C. 

 

10.1 REAGENTS 
 

10.1.1 Reagent Water:  Reagent water will be interference free.  All references to water 

in this method refer to reagent water unless otherwise specified. 

10.1.2 Aqua Regia:  Prepare immediately before use by carefully adding three volumes 

of concentrated HCl to one volume of concentrated HNO3.  Both HNO3 and HCl 

must be of the reagent grade suitable for mercury determinations. 

NOTE:  This reagent is required for use when USACE project samples are being 

digested. 

10.1.3 Concentrated HCl. 

10.1.4 Concentrated HNO3. 

10.1.5 Stannous chloride in a one liter volumetric flask add ~500 mL D.I. H2O,         

30 mL concentrated HCl, and 11g stannous chloride crystals.  Swirl to mix and 

dilute to 1 L. 
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10.1.6 Sodium chloride-hydroxylamine chloride solution:  Dissolve 120 g of sodium 

chloride and 120 g of hydroxylamine sulfate in reagent water and dilute to 1 L.  

Note: this is normally made up 2 liters at a time. 

10.1.7 Potassium permanganate, mercury-free, 5% solution (w/v): Dissolve 200 g of 

potassium permanganate in 4 L of reagent water. 

10.1.8 3 % HCl carrier solution:  30 mLs HCl – 1 L DI H20; Prepare fresh daily. 

10.1.9 Potassium persulfate 5% solution: Dissolve 100g in 2 liters of D.I. water. Used 

with digestion of CLP soils. 

 

10.2 STANDARDS 
10.2.1 Traceability 

10.2.1.1 All reference materials are given a unique identifier within Element and                                                  

labeled with the Element #.  This record shall include date of receipt, 

source, purity, all compositional information, storage conditions and 

expiration date.  These materials/solutions are to be identified by a unique 

number within Element as well as on the container's label. 

 

10.2.1.2 All working standards made from reference materials shall be labeled         

with a unique Element ID number with complete information on 

preparation date, concentration of each compound, solvent, preparer's 

name, and expiration date.  Reagents shall be labeled with date received 

and expiration date, if applicable.  All of the information described above 

shall also be recorded within Element.  Measurements made during 

standards preparation (e.g., from weighing operations, volume diluted to, 

etc.) shall also be recorded.  There should be no container with sample, 

sample extract, standard solution, etc. that is not correctly labeled and 

properly stored. 

 

10.2.2 Preparation 

10.2.2.1. NOTE:  All standard solutions should be prepared using class A 

volumetric flasks, class A volumetric pipettes (or calibrated Eppendorfs). 

All Standards, blanks, and samples are taken through the digestion 

process. 

10.2.2.2 Stock mercury solution: (100 µg/mL).  Order from manufacturer already   

prepared.  This solution is given a unique identifier. 

10.2.2.3 Primary source and secondary source mercury standard solutions:  dilute 

2 mLs of stock solution to 1000 mLs in a 1000 mL volumetric flask, with 

1.5 mLs concentrated HNO3 (200 ug/L). 

10.2.3 Calibration standards: 

Prepared from the primary source standard.  The preparation of the calibration   

standards, etc. is described below. 

10.2.3.1 Dilute the volumes below to 5 mLs in a 70 mL polypropylene vessel. 

(Note: The standards are diluted to 5 mLs for the initial step of the 

digestion.) 

 

ug/L Hg   mLs of 200 ug/L standard in 50 mL   
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0.20    0.050  

0.50    0.125 

1.0    0.25 

ug/L Hg   mLs of 200 ug/L standard in 50 mL 

2.0    0.50 

4.0    1.0 

6.0    1.5 

10.0    2.5 

 

10.2.3.2 Appropriate reagents are added as below in the sample 

preparation section. 

10.2.3.3 Prepare one vessel of each. 

10.2.3.4 It is necessary to digest the calibration standards when following 

all mercury methods. 

 
10.2.4. Calibration verification standards: 

10.2.4.1. Initial calibration verification (ICV) solution – 4.0 ug/L. 

10.2.4.1.1 Prepared from the secondary source mercury standard 

(200 ug/L). 

10.2.4.1.2 Prepared by diluting 1.0 mL of the second source 

mercury standard to 5 mLs in a polypropylene digestion 

vessel. 

10.2.4.1.3 Appropriate reagents are added as below in the sample 

preparation section. 

10.2.4.1.4 It is necessary to digest the ICV standards when using 

all mercury methods for soil. 

 

10.2.4.2 Continuing calibration verification (CCV) solution: 

10.2.4.2.1 Prepared from the primary or secondary source mercury 

standard.  The concentration is alternated from 2.0 ug/L to 

4.0 ug/L every 20 samples. 

10.2.4.2.2 Prepared by diluting 0.50 for a 2.0 ug/L and 1.0 mL for 

a 4.0 ug/L of the secondary 200 ug/L standard to 5.0 mLs 

with reagent water in a polypropylene digestion vessel. 

10.2.4.2.3 Appropriate reagents are added as below in the sample 

preparation section.  

10.2.4.2.4 It is necessary to digest the CCV standards when 

following all mercury methods for soil. 

 

10.2.5 Digestion standards: 

10.2.5.1 Laboratory control sample: 

10.2.5.1.2 The Laboratory Control Sample (BS) is prepared from 

the secondary source mercury standard (200 ug/L) and 

added to ~ 0.3 grams of teflon chips. 
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10.2.5.1.3 Prepared by diluting 0.50 mL of the secondary mercury 

standard (200 ug/L) to 5 mLs in a polypropylene digestion 

vessel with 0.30 grams of teflon chips.  

10.2.5.1.4 Appropriate reagents are added as below in the sample 

preparation section. 

10.2.5.1.5 This solution is given a unique identifier in Element. 

10.2.5.2   Matrix Spikes 

10.2.5.2.1 Prepared from the primary or secondary source mercury 

standard (200 ug/L). 

10.2.5.2.2 Prepared by adding 0.50 mL of the mercury standard 

(200 ug/L) to the sample in a polypropylene digestion 

vessel.  Project specific requirements may over-ride the 

spiking level. 

C10.2.5.2.3 Appropriate reagents are added as below in the sample 

preparation section. 

 

11.0 Sample Collection, Preservation, Shipment, and Storage 
11.1 Quality Systems SOP QS10 related to Sample Receipt, Handling, & Processing provides 

details for collection, preservation, shipment, and storage. 

11.2 Because of the extreme sensitivity of the analytical procedure and the omnipresence of 

mercury, care must be taken to avoid extraneous contamination.  Sampling devices and 

sample containers should be ascertained to be free of mercury; the sample should not be 

exposed to any condition in the lab that may result in contact with solid, liquid or 

airborne mercury. 

11.3 Refrigerate solid samples at 4°C (+2°C) upon receipt until digestion and analysis. 

11.4 The sample should be analyzed without drying. A separate percent solids determination is 

required 

11.5 The holding time for digestion of mercury samples is 28 days. 

 

12.0 Quality Control 
12.1 Quality Systems SOP QS08 “Technical / Operational Definitions, Minimum Essential 

Quality Control Elements, and Laboratory Calibration Procedures” outlines details 

related to laboratory wide protocols on quality control. 

12.2 An initial demonstration must be performed by each analyst performing this method. 

Four BSs are analyzed at 0.10ug/L. See Table 2 for acceptance criteria. 

12.3 QUALITY CONTROL (Reference SW-846, 7471A Update III, 7471B Revision 2 

February 2007, USEPA CLP ILMO 4.1 or EPA 245.5 for further clarification) 

 

12.3.1 Daily 

12.3.1.1 The instrument must be calibrated daily for all projects. 

12.3.1.2 Begin each analysis with an ICV(concentration at or near mid range).  

The control limits are +10% for 7471A and 245.5, ±20% for 7471B and 

±5% for 245.5.. 

12.3.1.3 Analyze ICB.  Control limit is <± MDL or ±RL/CRDL for other or CLP.  

For DOD, no analyte detected > 2x MDL. 
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12.3.1.4 If the ICV is not in control a new curve must be analyzed prior to sample 

analysis. 

12.3.1.5 Follow each set of 10 samples with a CCV and also must end up with 

CCV after last sample.  The control limits are +20% for SW846-7471A, 

SW846 7471B and ±10% for 245.5.  If an exceedance occurs, analyze 

another CCV, if the second CCV fails, then a new calibration curve should 

be generated and all affected samples should be reanalyzed. 

12.3.1.6 Follow each CCV with a CCB.  Control limit is < ±MDL or ±RL/CRDL    

for others or CLP. For DOD, no analyte detected > 2x MDL. 

 

12.3.2 Quarterly 

12.3.2.1 IDLs for CLP (Follow SOP - 414). 

 

12.3.3 Annually 

A.   MDLs must be analyzed for all matrixes (Follow SOP - 414). 

 

12.3.4 Digestion 

12.3.4.1 BS data should be maintained and available for easy reference or 

inspection. 

12.3.4.2 BLK (< ±½ RL or ±RL for common contaminates or ±RL/CRDL for 

others or CLP) 

12.3.4.2.1 Employ a minimum of one BLK per sample batch to determine 

if contamination or any memory effects are occurring.  The 

preparation blank is taken through the same digestion/preparation 

steps as the samples being tested.  The result for the preparation 

blank must be < ± ½ RL for USACE or ±RL/CRDL for others or 

CLP.  If not, the analyst must use good judgment to evaluate the 

impact upon the associated samples.  There is no impact if an 

associated sample is below the method detection limit or if the 

level in the sample is greater than 10X the level found in the 

preparation blank.  If the level of mercury in a sample is above the 

method detection limit, but less than 10X the level found in the 

preparation blank, the sample must be redigested and reanalyzed or 

the data must be qualified on the final report.  The project manager 

or QA officer will make this determination.  

12.3.4.3 Laboratory control sample (BS). 

 

12.3.4.3.1 Employ a minimum of one BS per sample batch to verify the 

digestion procedure. The BS is taken through the same 

digestion/preparation steps as the samples being tested.  The 

minimum control limits are +20% for SW846-7471A, 7471B and 

245.5 solid samples.  A BS will accompany each batch of soil 

samples.  If the BS is not in control, the Inorganic Manager and 

QA Officer must be notified immediately.  Several possibilities 

exist at this point and a thorough investigation and data evaluation 

is essential.  The first question is to evaluate the impact upon the 
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data.  All samples may need to be retested or flagged with the 

appropriate qualifier.  The next question is to find out why it 

occurred and to proceed with a corrective action plan to prevent 

reoccurrence.  This corrective action is documented in a CAR. 

 

12.3.5 Sample matrix 

12.3.5.1 Analyze one replicate sample for every twenty samples or per analytical 

batch, whichever is more frequent.  A replicate sample is a sample brought 

through the whole sample preparation and analytical process in duplicate.  

It is acceptable to substitute a matrix spike duplicate for the sample 

replicate.  Project specific requirements will take precedence in these 

situations. 

12.3.5.2 Analyze one spiked sample and spiked sample duplicate for every twenty 

samples or per analytical batch, whichever is more frequent.  A replicate 

sample is a sample brought through the whole sample preparation and 

analytical process in duplicate.  Project specific requirements will take 

precedence in these situations.  CLP requires 1 duplicate and 1 spike per 

batch.  If the analyte level in the sample is not greater than four times the 

spiking level, the spike recoveries should be within +25% for 7471A and 

±20% for 7471B of the true value (+20% for DOD projects).  If results do 

not fall within the control limit redigestion/reanalysis may be required.  If 

reanalysis is not required, the associated batch of samples will be flagged 

accordingly.  Discuss the situation with your supervisor.  A Corrective 

Action Report (CAR) must be filled out and attached to the data as well as 

emailed or sent to the supervisor when the control limits are exceeded. 

12.3.5.3 The relative percent difference (RPD) between replicate determinations 

is to be calculated as referenced in the laboratory QA manual.  (A control 

limit of + 20% RPD (non-aqueous samples may routinely exceed this 

amount) shall be used for sample values greater than ten times the 

instrument detection limit.)  Supervisor must be notified if the control 

limit is not met.  Supervisor will determine corrective action if required.  

The final analytical report must document this situation.  A Corrective 

Action Report (CAR) must be filled out and attached to the data as well as 

emailed or sent to the supervisor when the control limits are exceeded. 

12.3.5.4 For 245.5 analyze one serial dilution (1 to 5 dilution) for every 20 

samples or per analytical batch, whichever is more frequent.  Percent 

recovery should be 10%.  The concentration of the original sample should 

be a minimum of 50X the IDL in order to apply the recovery criterion; if 

not, the serial dilution approach is not used.   

12.3.5.5 When the sample matrix is so complex that viscosity, surface tension, 

and components can not be accurately matched with standards, the method 

of standard addition (MSA) is recommended. Section 8.6  

 

13.0    Calibration and Standardization 
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13.0.1 Quality Systems SOP QS08 “Technical / Operational Definitions, Minimum Essential 

Quality Control Elements, and Laboratory Calibration Procedures” related to Calibration 

Procedures provides laboratory wide protocols for calibration and standardization. 

13.0.2 Set up the instrument with proper operating parameters. 

            13.0.3 Perkin Elmer Flow Injection Mercury System (FIMS).   

13.0.3.1 Prepare the instrument for calibration by the following steps: 

13.0.3.1.1 Replace any old tubing that is around the pump cylinder.  The sample 

transfer tubing connected to the seperator cover must not have any 

moisture in it, if it does replace it. (Perkin-Elmer tygon tubing, waste 

and carrier 1.52mm I.D., waste only 3.17mm I.D., stannous chloride 

1.14mm I.D.) 

13.0.3.1.2 Also replace the filter membrane with the rough side up. (for 

instructions refer to page 1-22 in maintenance  manual.) 

13.0.3.1.3 Turn on PE 100 spectrophotometer; (Note:  this must be on in order to 

start up the software on the computer.) 

13.0.3.1.4 Turn on computer and go to icon “AA Win LAB Analyst” 

13.0.3.1.5 Go to method; select “Hg CAL 2” then OK. 

13.0.3.1.6 Wavelength = 253.7; smoothing points =9; measurement = peak height; 

read time = 18 sec.; BCC time = 2 sec. 

13.0.3.1.7 Go to “Sample Info” and enter the order of the samples and other 

information that may be needed.   

13.0.3.1.8 Save entered sample list under “Save  …sample info file” Note: 

description and batch ID are normally the date of analysis. 

13.0.3.1.9 Go to “auto”; then to set-up. Select Browse in both spaces.  One is to 

bring up your saved “Sample Information.” File.  The other is to select 

a results library. Double click on heading and choose.   

13.0.3.1.10 Turn the printer on. 

13.0.3.1.11 Connect all tubing to the pump and blocks.  

13.0.3.1.12 Start the pump by going to “FIAS” and click the pump 1 Icon (120). 

13.0.3.1.13 The pump will start, then lock down and tighten the tubes onto the 

pump. 

13.0.3.1.14 Turn on the nitrogen tank, it should be >500 psi on the gauge.  

Replace the nitrogen tank when it is at 500 psi. 

13.0.3.1.15  The pressure gauge on the PE100 should be just below 100. 

13.0.3.1.16 Use the tension adjuster to press down the tubing magazine to the 

pump head on the top and bottom.  Start the pump and then lock them 

down.  This technique needs to be demonstrated so that a new user will 

be able to understand what is needed here and how to do it. 

13.0.3.1.17 Adjust the spring tension tubing until there is a constant “bubble of 

low rate” coming out to the waste tube. 

13.0.3.1.18 Place carrier tubes into carrier and stannous chloride tube into SnCl2. 

(click valve fill inject and make sure flow is correct and the line is 

rinsed) 

13.0.3.1.19 Make sure the permanganate waste bottle is bubbling in order to 

absorb any Hg vapors which could be vented into the room. 



V:\Standard Operating Procedures\Current SOP File Directory\SOP104_R19_20100411.doc Page 13 of 24 

13.0.3.1.20 Allow a few minutes for reagents to flow through the system before 

starting analysis. 

13.0.3.1.21 Calibrate:  Go to “Auto” click on “Analyze”, click on “calibrate”. 

13.0.3.1.22 “Select location” enter the #’s of the samples to be analyzed, then 

“OK”. 

 

13.0.3.2 Analyze the calibration standards as below. 

13.0.3.2.1 A curve must be analyzed daily for all projects.  A new curve must be 

analyzed when the ICV analysis is not within ±10% for SW846 7471A 

and ±5 % for 245.5 methods, or ±20% for 7471B. 

13.0.3.2.1 The curve should be linear with a calculated intercept with a minimum 

correlation coefficient of >0.995 (USACE) or 0.998 (other).  If not, a new 

curve must be analyzed. 

13.0.3.2.2 CLP requires a blank + 5 calibration standards (0, .02, .05, .1, .5 

and 1.0 µg).  (One standard must be at CRDL or IDL whichever is 

greater.) 

 

14.0 Procedure 
14.1 Prepare calibration standards as detailed above.  Add all reagents to the standards which 

are added to the samples as outlined below.  Record the standard preparation in the 

standard log. 

14.2 Sample preparation: 

14.2.1 It is extremely important that waste (when appropriate), soil and sediment 

samples be mixed thoroughly to ensure that the sample is as representative as 

possible of the sample media.  The most common method of mixing is referred to 

as quartering.  The quartering procedure should be performed as follows: 

14.2.1.1 The material in the sample pan (inorganic-plastic/organic-aluminum) 

should be divided into quarters and each quarter should be mixed 

individually. 

14.2.1.2 Two quarters should then be mixed to form halves. 

14.2.1.3 The two halves should be mixed to form a homogenous matrix. 

14.2.1.4 This procedure should be repeated several times until the sample is 

adequately mixed. 

14.2.1.5 NOTE:  Samples that are clay type materials must be handled in a 

different manner.  Due to these type sample matrices having an affinity 

to stick to most anything that touches it, another approach must be 

followed.  Obtain a representative sub-sample aliquot from the center or 

middle section of the sample container. 

14.2.2 Grinding of Vegetation Samples 

14.2.2.1 Remove sample from shipping container and brush off dirt particles. 

Chop sample into about half inch pieces with clippers or other cutting 

tool. Place the sample in an aluminum pan and air-dry in an exhaust 

hood to the appropriate dryness for grinding. It should be dry enough 

where it won’t stick to the inside of the mill. Grind the dried sample to 
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fineness in either the manual sample mill or the Wiley mill or both if 

needed. Place the ground sample in a container and label immediately.  

14.2.2.2 Transfer 0.30 g (for USACE work use anywhere from 0.20 to 1.0 g and 

record the weight in the digestion log) of sample to a polypropylene 

digestion vessel previously marked for this sample.  Record the exact 

sample mass on the bottle and on the Element Batch Sheet.  (Note:  the 

balance must be calibrated for the specific task.  Calibrate by weighing a 

0.5 and a 0.1g weight on the balance along with a digestion vessel. 

(Record in specific balance calibration log.) 

14.2.2.3 Add 2.5 mLs of reagent water, and 2.5 mLs of aqua regia and mix for 

samples.  Add 2.5 mLs of aqua regia to standards and mix. 

14.2.2.4 Cover samples and standards with watch glasses and heat for 2 minutes 

in the hot block at 95+2°C (The hot block temperature must be 

monitored and documented.  Record observed temperature, correction 

factor, and the corrected temperature). 

14.2.2.5 Cool, bring to 30 ml with D.I. water. 

14.2.2.6 Add 7.5 mLs potassium permanganate solution to each vessel and mix.  

For sewage samples additional permanganate may be required.  Shake 

and add additional portions of potassium permanganate to the solution if 

necessary, until the purple color persists for at least 15 minutes (not 

more than 12.5 mLs).  

NOTE: The same amount of KMnO4 added to the samples should be present in 

the standards and blanks.  

14.2.2.7 Heat for 30 minutes on the hot block at 95+2°C (The temperature must 

be monitored and documented.  Record observed temperature, correction 

factor, and the corrected temperature), cool.  Samples may be saved at 

this point if there is not time to run the whole set that day.  

14.2.2.8 Add 3 mLs of sodium chloride-hydroxylamine chloride solution to each 

vessel. 

14.2.2.9 Bring to 50 mLs with D.I. water both standards and samples. Cap mix 

and vent to decolor and release Cl gas. The samples are now ready for 

analysis. 

14.2.2.10 NOTE:  Stannous Chloride (10.1.5) and 3% HCl (10.1.8) are added by 

the instrument during analysis. 

  

14.2.3 Sample analysis 

14.2.3.1 Set up the instrument as described in the calibration section above. 

14.2.3.2 When ready to run samples, transfer samples and standards to 

autosampler tubes and load the auto sampler according to the sample 

information sheet set up previously.  If chlorides are suspected, purge 

the head space in the polyethylene tube for at least 1 minute to get rid of 

any chlorine gas collected there.  After a delay of at least 30 seconds the 

sample is ready for step “3”.  NOTE:  When aqua-regia is added assume 

that all samples and standards have chlorine and treat accordingly.  

Purging the samples of chlorine is accomplished by putting a pasteur 

pipette on the end of some air tubing hooked to a fish pump.  The 
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pasteur pipette is then placed at an angle into the top of the polyethylene 

vessel without breaking the surface of the sample.   It takes about one 

minute to purge the air above the sample of chlorine. 

14.2.3.3 Analysis must be preceded by the analysis of an ICV (concentration at 

or near mid range) with control limits of +10% for SW846-7471A or 

±20% for 7471B and ±5% for 245.5 methods. 

14.2.3.4 The ICB must follow the calibration standards (<±MDL (USACE) or 

±RL/CRDL for other or CLP), but not before the ICV. No analyte must 

be detected > 2xMDL for DOD. 

14.2.3.5 Each set of ten samples must be followed by a CCV with control limits 

of +20% for SW846-7471A and B and ±10% for 245.5 method.  The run 

must also end with a CCV, then CCB. 

14.2.3.6 Analyze CCB after calibration and each CCV.  The CCB frequency is 

10% or every 2 hours whichever is more frequent.  (control limit is < 

±MDL or ±RL/CRDL for other or CLP). For DOD, CCB at beginning 

and end of sequence and after every 10 samples. No analyte detected > 

2xMDL. 
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14.2.3.7 Instrument Run Log example: 

                   AS LOC         Sample ID 

0  Wash 

1   0.0 

2  0.02 

3   0.05 

4   0.1 

                                    5   0.2 

6   0.4 

7   0.6 

8   1.0 

9  SEQ- ICV 

10  SEQ-ICB 

11   BS 

12   BLK 

13  Sample 

14  Sample 

15  Sample 

16  Sample 

17  Sample 

18  Sample 

19  Sample 

20  Sample 

21  SEQ-CCV 

22  SEQ-CCB 

23  Sample 

24  Sample 

25  Sample 

26  Sample 

27  Sample 

28  Sample 

29  Sample 

30  Sample 

31  MS 

32  MSD 

33  SEQ-CCV 

34  SEQ-CCB  

 

14.2.3.8 Sample analysis: 

14.2.3.8.1 Go to “Analyze”, “select location” and type in the range of 

numbers needed to complete analysis. (ie. 9-54).  Press enter 

and the autosampler will proceed to enter the selected range.  

NOTE:  Check standards are loaded as part of the tray. 

14.2.3.8.2 Make sure that the sample wash beaker is filled with 3% HCl.  

14.2.3.8.3 Dilute and reanalyze samples that are more concentrated than 

within 10% of the high standard.   Soil sample dilutions are 
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made from the digested aliquot.  Sample concentration results 

that are below the calibration curve but above the MDL are 

reported flagged as estimated, (“B” flag).        

14.2.4 Data reporting 

14.2.4.1 Reduce data to result which will be reported using the soil spreadsheet 

found on the network.. 

14.2.4.2 Complete the data review checklist (attached).  Must be completed and 

attached to each set of USACE data. 

 

15.0 Data Analysis and Calculations 
15.1 Quality Systems SOP QS09 “General and Commonly used Laboratory Calculations” 

provides details on general calculations used throughout the laboratory. 

15.2 Pull up the blank spreadsheet at V: lab\metals\tests\mercury and transfer all the 

information pertinent to the current analysis.  Save as the date of analysis.  This 

information can be obtained from your mercury batch sheet. 

15.3 Transfer the sample absorbance into the excel spreadsheet in the appropriate cell.   The 

spreadsheet uses the current calibration to calculate the Hg results. 

15.4 Make sure that the appropriate dilution factors are entered into the spreadsheet in the 

correct cells. 

15.5 The spreadsheet should divide the result which is the µg Hg obtained from the sample 

mass by the sample mass in grams.  This will yield a result of µg Hg/g sample on a wet 

weight basis.  Calculations in the spreadsheet should be checked occasionally to make 

sure that they are working correctly. 

15.6 If available, divide the result by the %solids to obtain the result on a dry weight basis. 

15.7 Report the data as µg Hg/g of sample (mg/kg wet or mg/kg dry when % solids are 

available). 

 

16.0 Method Performance 
16.1 Demonstration of Capability (DOC):  Each analyst must perform a DOC prior to 

reporting data.  The analyst must prepare (for prep technicians) and analyze (analysts 

reviewing and reporting data) 4-LCS samples.  The data is calculated for accuracy and 

precision requirements.  The DOC form, as listed within section 2.5 of the Quality is 

completed by each analyst and then provided to the supervisor for further processing and 

approval.  See Table 2 for acceptance criteria.  When analyzing DOCs for DOD QSM 

Version 4.1, DOD limits will be used. 
DOC BS Preparation: Dilute 0.5 mL of the second source standard (200 ug/L) add to 

~0.3g to 5 mLs with reagent water/aqua-regia in a 70 mL polypropylene vessel.  Follow 

SOP procedure for preparation and analysis steps. 

                  DOC Accuracy and Precision Criteria: The four BS’s for the DOC need to be within the      

methods recovery ranges. Duplicates should be below 20% relative percent difference.  

 

17.0 Pollution Prevention 
14.1Quantity of chemicals purchased should be based on expected usage during its shelf-life and 

the disposal cost of unused material. Actual reagent preparation volumes should reflect 

anticipated usage and reagent stability. 
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18.0 Data Assessment and Acceptance Criteria for Quality Control Measures 
14.2Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  Laboratory 

Non-Conformance / Corrective Action Procedures, Decision Making Guidelines for 

Evaluating Laboratory Analytical Sample and Quality Control Results”, provides details on 

data assessment and acceptance criteria for Quality Control Measures.  Table 2 of this SOP 

provides information on QC samples, frequency, and the associated criteria specific to the 

performance of this method. 

 

19.0 Contingencies for Handling out-of-control or unacceptable data 
19.1 Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  Laboratory 

Non-Conformance / Corrective Action Procedures, Decision Making Guidelines for 

Evaluating Laboratory Analytical Sample and Quality Control Results”, provides details 

on handling out of control data.  Table 2 within this SOP also lists corrective actions 

associated with the failure of the various QC samples employed for the performance of 

this method. 

19.2 CORRECTIVE ACTIONS:  INSTRUMENT RELATED 

19.2.1 ICV not within + 10% (SW846) and (245.5)  

19.2.1.1 If the problem is with the solution, re-prepare, obtain new stock if 

necessary. 

19.2.1.2 If the problem is with the calibration, recalibrate thru analysis of 

appropriate standards and recheck ICV. 

19.2.2 CCV not within + 20% (SW846) and (245.5) 

19.2.2.1 If the problem is with the solution, reprepare, obtain new stock if 

necessary. 

19.2.2.2 If the problem is with the calibration, recalibrate thru analysis of 

appropriate standards and reprepare/reanalyze the previous ten sample 

according the following guidelines. 

19.2.2.2.1 If the CCV was biased high, any of the previous ten samples 

which were below the minimum detection limit do not require 

reanalysis. 

19.2.2.2.2 If the CCV was biased low, the previous ten samples must be 

reanalyzed. 

 

19.3 CORRECTIVE ACTION:  DIGESTION RELATED 

19.3.1 The preparation blank less than ± ½ RL for DOD or ±RL/CRDL for others or 

CLP. 

19.3.1.1. If the problem is with the instrument or stannous chloride. 

19.3.1.1.1 Analyze a reagent blank to determine the stannous chloride and 

the instrument are behaving properly.  If this check has 

detectable mercury, reprepare the stannous chloride or determine 

if there are any problems with the instrument. 

19.3.1.1.2 If the problem was with the instrument or the stannous chloride 

and the situation is corrected continue analysis with a second 

aliquot of the preparation blank. 

19.3.1.2 If the problem is with the digestion, all associated samples which are 

below the method detection limit (MDL) or have a level of mercury 
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greater than 10X the level found in the preparation blank can be 

reported.  If the level of mercury in an associated sample is not <MDL 

nor greater than 10X the level found in the preparation blank, the sample 

must be redigested/reanalyzed or reported as qualified.  The project 

manager or QA manager will make this determination. 

19.3.2 BS not within control limits. 

19.3.2.1 If the problem is with the instrument, reanalyze when instrument is in 

control with another aliquot of the sample. 

19.3.2.2 If the problem is with the digestion. 

19.3.2.2.1 If biased low, associated samples must be redigested. 

19.3.2.2.2 If biased high, the impact upon the data user must be evaluated.  

The samples will be redigested or the data will be qualified on 

the final report. 

 

19.4 CORRECTIVE ACTION:  SAMPLE MATRIX RELATED 

19.4.1 Replicate analysis RPD not within +20% 

19.4.1.1 The associated sample data must be qualified on the final report. 

19.4.2 Spike analysis recovery not within +25% 7471A and ±20% 7471B (+20% for DOD 

projects) 

19.4.2.1 If the analyte level in the sample is greater than 4X the spiking level, the % 

recovery can not be evaluated and no action is taken. 

19.4.2.2 If the analyte level in the sample is not greater than 4X the spiking level, the 

associated sample data must be qualified on the final report.  A corrective action 

report must accompany the data and be emailed or given to the supervisor. 

 

20.0 Waste Management 
20.1 Laboratory SOP QS14 on Waste Handling discusses general guidelines for the 

appropriate handling of wastes and the laboratory program on waste management. 

20.2 Please see Waste Disposal SOP-405, for instruction of proper disposal of waste 

generated from this area. 

 

21.0 References 

21.1 Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846; Third 

Edition (Update III/IV); Method 7471A, 7471B 

21.2 USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 245.1; APX-B 

21.3 USEPA Contract Laboratory Program (CLP) for Inorganics ILM04.1; ILM05.2 

 
 

22.0 Tables, Diagrams, Flowcharts and Validation Data 
22.1 Table 1, all applicable parameters, including the surrogates and internals with the 

applicable RL and lowest calibration standard. 

22.2 Table 2, for all technical methods, should always be the QA/QC summary table and I am 

including a format for this at the end. 

22.3 Table 3, Technical Completeness / Accuracy Checklist 

22.4 Table 4, Data Reviewers Checklist 
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22.5 Validation data would be actual documentation (eg: a pdf email from a regulator 

explaining the approach to a method, etc.) or a side by side study performed to reach to 

our approach on how we handle the method. 

 

 

APPENDIX: 

 

 

Addendum for USEPA CLP ILM 05.2 

 
1. CCV concentration must be different from ICV. 

 

2. The same CCV shall be used throughout analysis for a sample delivery group. 

 

3. Calibration standards must be within 5% of the standard concentration. 

 

4. 0.2 grams of sample must be used for the sample aliquot, add enough reagent water to each sample 

to  make a total volume of 10 mL.  Proceed with method as in the water method SOP 103.0 Revision 

9. 

 

5. The ICV and CCV must be at ±20% recovery. 

 

6. A CRA must be analyzed at the beginning and end of each batch of 20 samples.  Right after the 

ICV/ICB and right before the final CCV/CCB.   The control limit is ±30%. 

 

7. The matrix spike must be analyzed at the concentration of 0.5 mg/Kg. 

 

 

 

 

Table 1 

 

Soil/Solid Method Detection Limits(MDL)/Detection Limit(DL), Limit of Detection(LOD) 

Empirical Laboratories’ Reporting Limits(ERL)/Limit of Quantitation(LOQ), 

 CLP OLM04.1 & OLM05.2  

Contract Required  Quantitation Limits (CRQL) 

Mercury by EPA 245.1, 245.5 

7471A,   SOW 4.1 & 5.2 

SOLID/SOIL 

MDL/DL 

(mg/Kg) 

SOLID/SOIL 

LOD 

(mg/Kg) 

SOLID/SOIL 

ERL/LOQ 

(mg/Kg) 

SOLID/SOIL 

 CRQL  

ILMO 4.1 

(mg/Kg) 

SOLID/SOIL 

 CRQL  

ILMO 5.2 

(mg/Kg) 

Mercury 

 

0.013 0.026 0.033 0.10 0.10 
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Table 2 - Method Quality Control Requirements Summary 

 

QC Check Minimum Frequency / 

Requirements 

Acceptance Criteria Corrective Action for Failures / Data 

Useability 
Initial calibration (ICAL) • Daily ICAL prior to sample analysis 

• Low standard at the RL/LOD level 

• If more than one calibration standard is 

used, r  > 0.995 

• Must follow curve processing 

requirements from SOP QS08 

 

• Re-run curve 

• Check instrument for maintenance needs 

 

Samples cannot be analyzed until there is a 

passing calibration 

ICV Alternate source standard to be analyzed 

after every calibration curve 

Must be within + 10% for SW846 

7471A,±20% for 7471B, or ±5% for 245.5 

of true value  

• Re-run ICV 

• Repeat ICAL 

CCV • After every 10 field samples and at 

the end of analysis sequence. 

• + 20% for SW846-7471A&B, ±10% 

for 245.5of true value 

• Follow guidelines for SOP QS05 

Closing CCV • At the end of every sequence • + 20% for SW846-7471A&B, ±10% 

for 245.5of true value 

• Follow guidelines for SOP QS05 

BLK One per prep batch No analytes detected > ½ RL and greater 

that 1/10 the amount measured in any 

sample or 1/10 the regulatory limit 

(whichever is greater). Blank result must 

not otherwise affect sample results. For 

common laboratory contaminants, no 

analytes detected > RL 

• Re-analysis to confirm the positive value 

• Notify the PM for further action 

• Re-prep of samples associated with the 

BLK 

• NCR will be required for data reported 

BS One per prep batch Most stringent criteria listed within the 

LIMS. 

 

• Re-analyze to confirm failed. 

• Re-prep and reanalyze BS and all samples 

in the associated prep batch for failed 

analytes, if sufficient sample material 

is available.  

• NCR will be required for data reported  

• Follow guidelines from SOP QS05 

Calibration Blank Before beginning a sample run, after 

every 10 samples, and at end of the 

analysis sequence. 

No analytes detected > LOD. • Correct problem. Re-analyze calibration 

blank. All samples following the last 

acceptable calibration blank must be 

reanalyzed. 

MS One per prep batch, if sample volume 

available. 

Criteria listed within LIMS or specified by 

client. 
• Follow guidelines from SOP QS05 

MSD One per prep batch, if sample volume 

available. 

Criteria listed within LIMS or specified by 

client. 
• Follow guidelines from SOP QS05 
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Table 2 - Method Quality Control Requirements Summary 

 

QC Check Minimum Frequency / 

Requirements 

Acceptance Criteria Corrective Action for Failures / Data 

Useability 
DOC Study • Initially per analyst prior to reporting 

data 

• Annually 

• Follow specific guidelines from 

section 16 for the preparation and 

analysis of DOC samples  

• Average percent recovery should be 

between 80-120%, with a 20% standard 

deviation. 

• Re-prep and / or re-analysis 

 

MDL Study Once per year • Calculated value must be less than the 

Spike level 

•  

• Re-prep and / or re-analysis 

• Follow guidelines from SOP QS05 

LOD Verification Every quarter • Parameter must be detected 

• the response must be 3-times the noise 

level 

 

• Re-prep and / or re-analysis 

• Follow guidelines from SOP QS05 

LOQ Verification Every quarter • Bias Requirement: 

    Inorganics 50-150% 

 

• The LOQ value must be greater than the 

LOD value 

• Re-prep and / or re-analysis 

• Follow guidelines from SOP QS05 
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Table 3, Technical Completeness / Accuracy Checklist 
 

1. Were all the QC check elements analyzed – refer to Table 2 of the SOP 

2. Were the QC criteria met 

3. In cases of failures, was there an NCR written 

4. Were dilution factors applied correctly 

5. Was the data uploaded into LIMS via direct upload – if yes, then was a cross check subset of 

the uploaded values performed 

6. If the data was entered into LIMS manually, was a check of all entered values performed 

7. Was the red marked data in LIMS checked for accuracy and the corresponding hard copy 

data documented appropriately 

8. Were proper data qualifiers applied to the data in LIMS 

9. Was the hard copy package checked for completeness to include all data for the sequence 

such that the data reviewer could reconstruct sample analyses and validate / approve the data 

 

 

Table 4, Data Reviewers Checklist (Prior to approving data) 

 
 

ANALYST DATA REVIEW CHECKLIST 
 

 

Sample Number(s): 

Batch Number(s): 

Method: SW846 7471A/B, EPA245.5 (Mercury) 

 

 
 

QA/QC Item 
 

Yes 
 

No 
 

NA 
Second Level 

Review 
 
1. Were samples analyzed within USACE holding times? 

 
 

 
 

 
 

 
 

 
2. Was initial calibration curve QC criteria met? 

 
 

 
 

 
 

 
 

 
3. Was all continuing calibration criteria in control? 

 
 

 
 

 
 

 
 

 
4. Did any sample exceed the highest calibration standard? 

    

 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

 
5. Did blank spike(BS) meet control limits? 

 
 

 
 

 
 

 
 

 
6. Did MS/MSD meet control limits? 

 
 

 
 

 
 

 
 

 
7. Was the preparation blank (BLK) below the project required 
 detection limits? 

 
 

 
 

 
 

 
 

 
8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

 
9. Was water bath temperature monitored/documented and did 
you  apply the thermometer correction factor? 

 
 

 
 

 
 

 
 

 
10. Sample preparation information is correct and complete. 
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11. Analytical results are correct and complete. 

 
 

 
 

 
 

 
 

 
12. The appropriate SOP's have been used and followed. 

 
 

 
 

 
 

 
 

 
14. "Raw data" including all manual integration's have been 
correctly  interpreted. 

 
 

 
 

 
 

 
 

 
15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

 
16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 

 
 
 

 
 
 

 
 
 

 
 
 

 

 

Comments on any "No" response: 

 

               Analyst:  Date:  

    

Second-Level Review:  Date:  

    

 
1.  



EMPIRICAL LABORATORIES, LLC 
STANDARD OPERATING PROCEDURE 

METALS: SOP 105 REVISION #: 16 EFFECTIVE DATE: 041110 

METALS 
BY INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION 

SPECTROMETRY (ICP-AES) TECHNIQUE 
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Changes Summary 
 

Revision 16, 04/11/10 

 

• The SOP is an update from Revision 15 dated 05/08/09 

• The SOP is formatted to include all 22-elements required per the NELAC standards 

• The laboratory’s revision of all technical SOPs now includes a Table of Contents that 

provides the map of the technical information contained within the SOP. 

• Additional requirements, based upon the DoD QSM 4.1, have been integrated into the 

routine sample flow; however, if the requirement is different from routine sample flow, then 

the requirement is outlined and documented as such to be followed only when DoD samples 

are analyzed. 
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1. Identification of the Test Method 

 

This SOP is compliant with methods – SW846 6010B, SW846 6010C, EPA 200.7, (SM 19th Edition 
2340B) Hardness Calculation, (USEPA CLP) ILMO 4.1 (NJDEP does not accept CLPILM 04.1 after 
June, 2003) and Addendum for USEPA CLPILM 05.2. 
 

2. Applicable Matrix or Matrices 

 

This SOP is applicable to all matrices, including ground water, aqueous samples, TCLP, SPLP 

and EP extracts, industrial and organic wastes, soils, sludge samples, sediments, and other solid 

wastes, require digestion prior to analysis. 

 

3. Detection Limit:  Detection limits, sensitivity, and optimum ranges of the metals may be 

found in the ICP method file. 

 

4. Scope of Application, Including components to be Analyzed 

 

Each parameter that is analyzed and reported under the scope of this SOP is listed in Table 1 of this 

SOP.  This table also lists the associated Method Detection Limit and the Reporting Limit (also 

defined as the Limit of Quantitation).   

 

5. Summary of the Test Method 

5.1 Prior to analysis, samples must be solubilized or digested using appropriate  Sample 

Preparation Methods (e.g., Methods 3005-3050 and SOW ILM  04.1/05.2).  When analyzing for 

dissolved constituents, acid digestion is not  always necessary if the samples are filtered and 

acid preserved prior to analysis.   If particulates form after filtration and preservation the sample 

must be digested  prior to analysis. 

 

NOTE:  When selenium is required soluble samples must always be digested.   

 

5.2 This method describes the simultaneous multi-elemental determination of  elements by ICP.  

The method measures element-emitted light by optical  spectrometry.  Samples are nebulized 

and the large droplets are removed by a  spray chamber and the small droplets then pass 

through to the plasma.   The  solvent is evaporated.  The residual sample decomposed to 

atoms and ions that  become excited and emit characteristic light which is measured, 

giving a  measurement of the concentration of each element type in the original sample.  

Background correction is required for trace element determination.  Background  must be 

measured adjacent to analyte lines on samples during analysis.  The  position selected for the 

background-intensity measurement, on either or both  sides of the analytical line, will be 

determined by the complexity of the spectrum  adjacent to the analyte line.  The position used 

must be free of spectral  interference and reflect the same change in background intensity as 

occurs at the  analytic wavelength measured.  Background correction is not required in 

cases of  line broadening where a background correction measurement would actually degrade 

the analytical result.  Control of the spectrometer is provided by PC based iTEVA software. 

 

5.3 Inductively Coupled Argon Plasma (ICAP) primary advantage is that it allows simultaneous 

determination of any elements in a short time.  The primary  disadvantage of ICP is 

background radiation from other elements and the plasma gases.  Although all ICP instruments 
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utilize high-resolution optics and  background correction to minimize these interferences, 

analysis for traces of  metals in the presence of a large excess of a single metal is difficult.  

Examples  would be traces of metals in an alloy or traces of metals in a limed (high calcium) 

 waste.  ICP and Flame AA have comparable detection limits (within a factor of 4) 

 except that ICP exhibits greater sensitivity for refractories (Al, Ba, etc.).  Furnace  AA, in 

general, will exhibit lower detection limits than either ICP or FAA. 

 

5.4 It is standard procedure to use an internal standard (scandium) with samples to  increase 

the stability of the instrument as recommended by the manufacturer  (Thermo Fisher).  (When 

samples are suspected of containing scandium, internal  standard cannot be used.)  

 

6. Definitions 

 

Laboratory Quality System SOP QS08 “Technical / Operational Definitions, Minimum Essential 

Quality Control Elements, and Laboratory Calibration Procedures” provides information on the 

commonly used definitions.   

 

 

Additional definitions specific to this SOP are listed below: 

 

6.1 ICP or ICAP- Inductively Coupled Plasma or Inductively Coupled Argon  Plasma. 

6.2 Inter-element correction (IEC)- Defined as a correction factor applied by the  

 instrument when there is an overlap of the spectrum from the plasma gases or  from 

another metal into the spectrum of another metal causing that metals  concentration to either be 

inflated or deflated.   

 

7. Interferences 

 

7.1 Spectral interferences are caused by background contribution from continuum or 

 recombination phenomena, stray light from the line emission of high- concentration 

elements, overlap of a spectral line from another element, or  unresolved overlap of molecular 

band spectra. 

   

7.1.1. Background emission and stray light can usually be compensated  for 

by subtracting the background emission determined by measurements 

adjacent to the analyte wavelength peak.  Spectral scans of samples or 

single element solutions in the analyte regions may indicate when 

alternate wavelengths are desirable because of severe spectral 

interference.  These scans will also show whether the most 

appropriate estimate of the background emission is provided by an 

interpolation from measurements on both sides of the wavelength 

peak or by measured emission on only one side.  The locations 

selected for the measurement of background intensity will be 

determined by the complexity of the spectrum adjacent to the 

wavelength peak.  The locations used for routine measurement must 

be free of off-line spectral interference (inter-element or molecular) or 

adequately corrected to reflect the same change in background 

intensity as occurs at the wavelength peak. For multivariate methods 
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using whole spectral regions, background scans should be included in 

the correction algorithm.  Off-line interferences are handled by 

including spectra on interfering species in the algorithm. 

 

7.1.2. To determine the appropriate location for off-line background correction, 

the user must scan the area on either side adjacent to the wavelength and record 

the apparent emission intensity from all other method analytes.  This spectral 

information must be documented and kept on file.  The location selected for 

background correction must be either free of off-line inter-element spectral 

interference or a computer routine must be used for automatic correction on all 

determinations.  If a wavelength other than the recommended wavelength is used, 

the analyst must determine and document both the overlapping and nearby 

spectral interference effects from all method analytes and common elements and 

provide for their automatic correction on all analyses.  Tests to determine spectral 

interference must be done using analyte concentrations that will adequately 

describe the interference.  Normally, 100 mg/L single element solutions are 

sufficient; however, for analytes such as iron that may be found at high 

concentration, a more appropriate test would be to use a 200 mg/L or 500 mg/L 

concentration near the upper analytical range limit. 

  

7.1.3. Spectral overlaps may be avoided by using an alternate wavelength or can 

be compensated by equations that correct for inter-element contributions. 

Instruments that use equations for inter-element correction require the interfering 

elements be analyzed at the same time as the element of interest.  When operative 

and uncorrected, interferences will produce false positive determinations and be 

reported as analyte concentrations.  More extensive information on interferant 

effects at various wavelengths and resolutions is available in reference 

wavelength tables and books.  Users may apply inter-element correction 

equations determined on their instruments with tested concentration ranges to 

compensate (off line or on line) for the effects of interfering elements.  Some 

potential spectral interferences observed for the recommended wavelength are 

listed in the method in table 2.  For multivariate methods using whole spectral 

regions, spectral interferences are handled by including spectra of the interfering 

elements in the algorithm.  The interferences listed are only those that occur 

between method analytes.  Only interferences of a direct overlap nature are 

listed.  These overlaps were observed with a single instrument having a working 

resolution of 0.035 nm. 

 

7.1.4. When using inter-element correction equations, the interference may be 

expressed as analyte concentration equivalents (i.e. false analyte concentrations) 

arising from 100 mg/L of the interference element.  For example, assume that 

Arsenic is to be determined (at 193.696 nm) in a sample containing 

approximately 10 mg/L of Aluminum.  According to Table 2 from the method, 

100 mg/L of Aluminum would yield a false signal for Arsenic equivalent to 

approximately 1.3 mg/L.  Therefore, the presence of 10 mg/L of Aluminum 

would result in a false signal for Arsenic equivalent to approximately 0.13 mg/L.  

The user is cautioned that other instruments may exhibit somewhat different 

levels of interferences than that shown in Table 2 from the method.  The 
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interference effects must be evaluated for each individual instrument since the 

intensities will vary. 

 

7.1.5. Inter-element corrections will vary for the same emission line among 

instruments because of differences in resolution, as determined by the grating, 

the entrance and exit slit widths, and by the order of dispersion.  Inter-element 

corrections will also vary depending upon the choice of background correction 

points.  Selecting a background correction point where an interfering emission 

line may appear should be avoided when practical.  Inter-element corrections that 

constitute a major portion of an emission signal may not yield accurate data.  

Users should not forget that some samples may contain uncommon elements that 

could contribute spectral interferences. 

 

7.1.6. The interference effects must be evaluated for each individual instrument.  

For each instrument, intensities will vary not only with optical resolution but also 

with operating conditions (such as power, viewing height and argon flow rate).  

When using the recommended wavelengths, the analyst is required to determine 

and document for each wavelength the effect from referenced interferences as 

well as any other suspected interferences that may be specific to the instrument 

or matrix.  The instrument utilizes a computer routine for automatic correction on 

all analyses. 

 

7.1.7.  If the correction routine is operating properly, the determined, 

apparent analyte(s) concentration from analysis of each interference solution 

should fall within a specific concentration range around  the calibration 

blank.  The concentration range is calculated by  multiplying the 

concentration of the interfering element by the value of the correction factor 

being tested and divided by 10.  If after the subtraction of the calibration 

blank the apparent analyte concentration falls outside of this range in either a 

positive or negative direction, a change in the correction factor of more than 

10% should be suspected.  The cause of the change should be determined and 

corrected and the correction factor updated. The interference check solutions 

should be analyzed more than once to confirm a change has occurred.  

Adequate rinse time between  solutions and before analysis of the calibration 

blank will assist in the confirmation. 

 

7.1.8 When inter-element corrections are applied, their accuracy should  be 

verified, daily, by analyzing spectral interference check solutions (IFA/IFB).  

If the correction factors or multivariate correction  matrices tested on a daily 

basis are found to be within 20% criteria for 5 consecutive days, the required 

verification frequency of those factors in compliance may be extended to a 

weekly basis.  Also, if  the nature of the samples analyzed is such they 

do not contain  concentrations of the interfering elements at ± one reporting 

limit  from zero, daily verification is not required.  All inter-element 

 spectral correction factors or multivariate correction matrices must  be 

verified and updated every six months or when an instrumentation-change, 

such as in the torch, nebulizer, injector, or  plasma conditions occurs.  



V:\Standard Operating Procedures\Current SOP File Directory\SOP105_R16_20100411.doc Page 8 of 33  

Standard solution should be inspected  to ensure that there is no 

contamination that may be perceived as a spectral interference. 

 

7.2. Physical interferences are effects associated with the sample nebulization  

 and transport processes.  Changes in viscosity and surface tension can  cause 

significant inaccuracies, especially in samples containing high  dissolved solids or high 

acid concentrations.  If physical interferences are  present, they must be reduced by 

diluting the sample or by using a  peristaltic pump, by using an internal standard or by 

using a high solids  nebulizer.  Another problem that can occur with high 

dissolved solids is  salt buildup at the tip of the nebulizer, affecting aerosol flow 

rate and  causing instrumental drift.  The problem can be controlled by wetting the 

 argon prior to nebulization, using a tip washer, using a high solids  nebulizer or 

diluting the sample.  Also it has been reported that better  control of the argon flow 

rate, especially to the nebulizer, improves  instrument performance:  this may be 

accomplished with the use of mass  flow controllers.  

 

 7.3. Memory interferences result when analytes in a previous sample    

 contribute to the signals measured in a new sample.  Memory effects can   

 result from sample deposition on the uptake tubing to the nebulizer and   

 from the build-up of sample material in the plasma torch and spray   

 chamber.  The site where these effects occur is dependent on the elements   

 and can be minimized by flushing the system with a rinse blank between   

 samples.  The possibility of memory interferences should be recognized     

 7.4 Users are advised that high salt concentrations can cause analyte signal   

 suppressions and confuse interference tests.  When the instrument   

 displays negative values, dilution of the samples may be necessary.      

 

8. Safety 

 

Laboratory SOP QS13 “Safety Program & Chemical Hygiene Plan” discusses the safety program 

that is to be followed lab-wide. 

 

8.1 Normal accepted laboratory safety practices should be followed while 

 performing this analysis. 

 

8.1.1. Care should be used in handling all samples.  Safety glasses must  be worn 

in the lab at all times.  The use of appropriate safety  gloves and lab coats is 

highly recommended. 

8.1.2 Research into expected sample content and concentration should  be done in 

order to be prepared for additional safety  considerations.  Generally, any samples 

that need special  consideration have applicable notes on the sample logs. 

8.1.3 MSDS sheets are available for all reagents and standards that have  been 

purchased.  These are located in the bookshelves in the  Quality Assurance 

Officers office. 

 

9. Equipment & Supplies 
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9.1. Inductively coupled argon plasma emission spectrometer: Thermo Scientific 6500 DUO. 

 

9.2. Computer-controlled emission spectrometer with background correction:  Thermo 

 Scientific 6500 DUO or equivalent. 

 

9.3. Radio frequency generator compliant with FCC regulations:  Thermo Fisher   or 

equivalent. 

 

9.4. Auto-sampler: Thermo Fisher or equivalent. 

 

9.5. Printer capable of printing results every 4 minutes. 

 

9.6. Cooling Water recycler. 

 

9.7. Iteva software. 

 

9.8. Argon gas supply – Liquid Argon 

 

9.9. Class A volumetric flasks 

 

9.10. Analytical balance - capable of accurate measurement to a minimum of three 

 significant figures (0.001gm). 

 

9.11. Variable Eppendorf Pipettes 1000µL; 5000µL 

 

9.12. Disposable beakers 10, 20 and 50 mL size. 

 

9.13. Hood system capable of venting the heat from the system off of the  instrument during 

analysis. 

  

10. Reagents and Standards 

 

The laboratory’s LIMS system allows for complete documentation and for the traceability of 

reagents and standards used within the laboratory.  The following information relates to the specific 

reagents and standards used for the performance of the method: 

 

10.1. Reagent Water.  All references to water in the method refer to reagent grade water 

unless otherwise specified.  Reagent water will be interference free. 

 

10.2. Reagent grade chemicals shall be used in all tests.  Unless otherwise indicated, it is 

intended that all reagents shall conform to the specifications of the Committee on 

Analytical Reagents of the American Chemical Society, where such specifications 

are available.  Other grades may be used, provided it is first ascertained that the 

reagent is of sufficiently high purity to permit its use without lessening the accuracy 

of the determination.  If the purity of a reagent is in question analyze for 

contamination.  If the concentration is less than the MDL then the reagent is 

acceptable. 
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10.3. Hydrochloric acid (concentrated), HCl.  A method blank is digested and analyzed 

before a new lot number of HCl is put into use, to ascertain purity.  The lot # is 

logged into Element and the data kept on file.  

 

10.4. Nitric acid (concentrated), HNO3. A method blank is digested and analyzed before 

a new lot number of HNO3 is put into use, to ascertain purity.  The lot # is logged 

into Element and the data kept on file.  

 

 

10.5. Calibration standards 

 
10.5.1. All standards have an acid matrix of 2% HNO3 and 5% HCl and should be 

prepared using class A volumetric flasks and calibrated Eppendorfs). 

 
10.5.2. CAL1 is the calibration blank: Reagent grade water matrix matched as in 

10.5.1.  Note: when this standard is analyzed the intensities should be 

compared to a previous run to make sure that no contamination has 

occurred.  Prepare this solution fresh daily. 

 
10.5.3. Stock QC21 solution:  (100 ug/mL).   Order from the manufacturer already 

prepared.  This solution is given a unique identifier within Element and includes 

the following metals - Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Li, Mg, Mn, Mo, 

Ni, Se, Sr, Tl, Ti, V,  and  Zn. 

 

10.5.4. Stock QC7 solution:  Order from the manufacturer already prepared.  This 

solution is given a unique identifier within Element and includes the following 

metals- (50 ug/mL)- silver; (100 ug/mL)- aluminum, boron, barium and sodium; 

(1000 ug/mL)- potassium; (500 ug/mL or 100 ug/mL note we use two sources of 

this standard and each have different concentrations for Si) –Silica. 

 

10.5.5. Boron solution: (1000 ug/mL). Order from the manufacturer already 

prepared.  This solution is given a unique identifier within Element. 

 

10.5.6. Stock Tin solution: (10000 ug/mL).  Order from the manufacturer already 

prepared.  This solution is given a unique identifier within Element.  Note:  Two 

sources are needed. 

  

10.5.7. Stock Silver solution:  (1000 ug/mL).  Order from the manufacturer already 

prepared.  This solution is given a unique identifier within Element. 

 

10.5.8. Stock Aluminum solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element.  

Note: Two sources are needed. 
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10.5.9. Stock Calcium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier. Note: Two sources 

are needed. 

 

10.5.10. Stock Magnesium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

Note: Two sources are needed. 

 

10.5.11. Stock Iron solution:  (10000 ug/mL). Order from the manufacturer already 

prepared.  This solution is given a unique identifier within Element. Note: Two 

sources are needed. 

 

10.5.12. Stock Potassium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

Note: Two sources are needed. 

 

10.5.13. Stock Barium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element.  

 
10.5.14. Stock Sodium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

Note: Two sources are needed. 

 

10.5.15. Stock Arsenic solution:  (1000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

 

10.5.16. Stock Cobalt solution:  (1000 ug/mL).  Order from the manufacturer already 

prepared.  This solution is given a unique identifier within Element. 

 

10.5.17. Stock Chromium solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

 

10.5.18. Stock Copper solution:   (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

 

10.5.19. Stock Manganese solution: (1000 ug/mL). Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

 

10.5.20. Stock Nickel solution: (1000 ug/mL). Order from the manufacturer already 

prepared.  This solution is given a unique identifier within Element. 

 

10.5.21. Stock Lead solution:    (1000 ug/mL).   Order from the manufacturer already 

prepared.  This solution is given a unique identifier within Element. 

 

10.5.22. Stock Selenium solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 
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10.5.23. Stock Thallium solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

 

10.5.24. Stock Beryllium solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

  

10.5.25. Stock Cadmium solution:   (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

 

10.5.26. Stock Antimony solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

 

10.5.27. Stock Molybdenum solution:   (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

 

10.5.28. Stock Strontium solution:   (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

 

10.5.29. Stock Titanium solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

 

10.5.30. Stock Vanadium solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

 

10.5.31. Stock Zinc solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

 

10.5.32. Stock Scandium solution (10000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within Element. 

 

 

10.6. Calibration and Calibration Verification standards 

 
10.6.1. The calibration standards and calibration verification standards 

 preparations are recorded in Element.  Please find method of 

 preparation in Appendix I. 

  

10.6.2. The CRL solution is analyzed to check the accuracy of the  instrument at the 

reporting limit.  The stock standard solutions A  and B are prepared from single 

element standards listed in 10.5  above. Please find method of preparation in 

Appendix I.   This  solution is stable for 6 months.  The working solutions 

are made up  as needed or every 3 months  as follows:   Prepared by adding 

1.0  ml of RL Stock solution A and 1.0 ml of RL Stock Solution B to 

 de-ionized water with 2% HNO3 and 5% HCL matrix and diluting  to 100 

mLs , mix well. This solution is stable for 3 months. 

 

10.6.3. The interference check standard solutions (IFA and IFB) are prepared to 

provide an adequate test of the IECs.  A purchased solution containing 500 
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ug/mL Al, Ca, Mg and 200 ug/mL Fe is diluted 10x to prepare the IFA.  The 

IFB is prepared by diluting 100x a purchased solution containing 10 ug/mL of 

As and Tl; 20 ug/mL Ag; 50 ug/mL Ba, Be, Cr, Co, Cu, Mn, and V; 100 ug/mL 

Cd, Ni and Zn; 5 ug/mL Pb and Se; and 60 ug/L Sb.  Add to this a purchased 

solution containing 500 ug/mL Al, Ca, Mg and 200 ug/mL Fe diluted 10x.  

These solutions are prepared as needed or monthly and assigned an Element # 

for traceability.  

 

10.7 Digestion standards 
 

10.7.1 The Blank Spike (BS) is prepared from High Purity solutions CLP-CAL-1 

solution A and B; CLP-CAL-2 and CLP-CAL-3.  0.50 mL of CLP-CAL-1 A and 

B; and 0.50 mLs of the 1000 ug/mL single element standards for Molybdenum, 

Boron, Titanium and Strontium is diluted to 500 mL with 0.125 mL of CLP-

CAL-2 and CLP-CAL-3 and 0.050 mLs of 10000 ug/mL Tin.  25 mL of HCl and 

10 mL of HNO3 are  added  for preservation.  This solution is stored in a 

Teflon  bottle.  A portion is reserved in case of a problem with digestion.  

When there is a problem with the analysis of the BS the solution is checked first 

before action is taken to make sure that it was made properly and has not 

deteriorated since it was made up.  This solution is given a unique identifier 

within Element.  The BS is prepared from a source independent from  that used 

in the calibration standards. This solution is  prepared daily or as needed. 50 

mLs of this solution is used for digestion for normal level water samples and the 

sample is brought back to 50 mLs after digestion.  Low level water samples start 

with two 50 mLs vials with only 1.0 mL of the stock blank spike solution in each 

taken to 50 mLs.  The samples are cooked down to below 25 mLs and combined 

and then cooked down to below 25 mLs again and then brought back to 25 mLs.  

This low level BS is given a unique identifier in Element.     

 

10.7.2. The solid BS used with soil samples is prepared by  weighing up 1.0 gram of 

Teflon chips for regular level and 2.0 grams of Teflon chips for low level and 

spiking using the same  spiking solutions used to spike the sample matrix.  

This standard is given a unique identifier i.e. Batch #-BS1. Note: Amount of 

spiking solution used varies according to whether the samples are being digested 

for normal level or low level soils.  See spiking solutions in 10.7.3.1 for how to 

prepare the BS for a solid sample, it is prepared the same way that a soil spike is 

prepared only the known amounts of metals are added to laboratory water. 

 

10.7.3. The spiking solutions are prepared as follows: 

 

10.7.3.1.Stock Multi-element Spiking Solutions:  High Purity CLP-CAL-1 

solution A: 2000 ug/mL Al and Ba; 50 ug/mL Be; 200 ug/mL Cr; 500 

ug/mL Co, Mn, Ni, V and Zn; 250 ug/mL Cu; 1000 ug/mL Fe; 5000 

ug/mL Ca, Mg, K and Na;  solution B:  250 ug/mL Ag; CLP-CAL-2:  

1000 ug/L Sb; CLP-CAL-3:  1000 ug/mL As, Pb, Se, Tl; 500 ug/mL 

Cd.  Order from the manufacturer already prepared.  These solutions 

are given a unique identifier within Element.  Add 0.050 mL for water 

samples and  0.20 mL for normal level soil samples and 0.10 for low 
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level soil samples of CLP-CAL-1 solutions A and B, and 0.0125 mL 

for water samples and 0.05 mLs for normal level soil samples and 

0.025 mLs for low level soil samples of CLP-CAL-2 and 3 to 50 mL 

of sample  for water samples and 1gram of sample for  normal level 

soils and 2 grams of sample for low level soils for the following spike 

values:  2000 ug/L Al and Ba; 50 ug/L Be; 200 ug/L Cr; 500 ug/L Co, 

Mn, Ni, V and Zn; 250 ug/L Cu; 1000 ug/L Fe; 5.0 mg/L Ca, Mg, K 

and Na, 250 ug/L Ag, Sb, As, Pb, Se and Tl; 125 ug/L Cd.  A blank 

spike should be prepared at the time the samples are spiked to check 

the actual spike value and accuracy. 

 

10.7.3.2. TCLP Spiking Solution:  Use 0.50 mL diluted to 50 mL for 

digestion:  

2.5 mL  10000 mg/L Ba stock standard diluted to 100 mL; 2.5 mL Cr, 

Pb and As 1000 mg/L stock standard diluted to 100 mL;  0.50 mL Cd 

and Se diluted to 100 mL . Store in a Teflon bottle.  A blank spike 

should always be prepared at the same time a sample is being spiked.  

This solution should produce a spike value of 2500 ug/L Ba; 250 ug/L 

Cr, Pb and As; and 50 ug/L of Cd and Se.  Note:  Since the samples 

are diluted 10x when digested the spike value will appear to be 10x 

greater when analyzed. 

 

10.7.3.3. TCLP Silver Spiking Solution:  Use 5.0 mL diluted to 50 mL for 

digestion: 

0.40 mL of 1000 mg/L stock Ag solution diluted to 200 mL.  Store 

this solution in a Teflon bottle.  A blank spike should always be 

prepared at the same time a sample is being spiked.  This solution 

should produce a spike value of 200 ug/L.  Note:  Since the samples 

are diluted 10x when digested the spike value will appear to be 10x 

greater when analyzed.  Also this solution is not very stable and may 

require fresh preparation at least weekly. 

 
 

11. Sample Collection, Preservation, Shipment, and Storage 

 

Quality Systems SOP QS10 related to Sample Receipt, Handling, & Processing provides details for 

collection, preservation, shipment, and storage.   

 

11.1. Preliminary treatment of most matrices is necessary because of the complexity and 

variability of sample matrices.  Water samples which have been pre-filtered and 

acidified will not need acid digestion as long as the samples and standards are matrix 

matched and particulates do not form after the filtration and preservation take place.   

Solubilization and digestion procedures are presented in Sample Preparation Methods 

(Methods 3005A-3050A). 

 

11.2. Sample digestates are stored at room temperature for at least 2 months unless a longer 

time is requested by the client.  The samples contain an acid matrix of 3:1.  All metal 

samples are neutralized before disposal in the receiving section of the laboratory. 
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11.3. The appropriate SOPs should be consulted regarding sample preparation.  The 

following is a brief summary of the methods we use for metals preparation. 

 

11.3.1. Method 3005A prepares groundwater and surface water samples for total 

recoverable and dissolved metals determination by ICP.  The unfiltered or filtered 

sample is heated with dilute HCl and HNO3 prior to metal determination. 

 

11.3.2. Method 3010A prepares waste samples for total metal determination by ICP.  

The samples are vigorously digested with a mixture of nitric acid and hydrochloric 

acid followed by dilution with laboratory water.  The method is applicable to 

aqueous samples, TCLP and mobility-procedure extracts. 

 

11.3.3. Standard Methods 19
th

 Edition Method 3030C prepares ground-waters and 

surface water samples for acid extractable metals: (lead and chromium.)  This 

preparation has a holding time of 72 hours.  The samples are preserved at collection 

with 5mL/L of HNO3, in the laboratory 5 mL/100mL of 1+1 HCl is added and the 

sample is heated for 15 minutes in a block digester.  The sample is filtered through a 

membrane filter and the filtrate is carefully transferred to a volumetric flask and 

brought back to 100 mLs. 

  

11.3.4. Method 3050B prepares wastes samples for total metals determination by ICP.  

The samples are vigorously digested in nitric acid and hydrogen peroxide followed 

by dilution with either laboratory water or hydrochloric acid and laboratory water.  

The method is applicable to soils, sludges, and solid waste samples. 

 

 

 

12. Quality Control 

 

Quality Systems SOP QS08 “Technical / Operational Definitions, Minimum Essential Quality 

Control Elements, and Laboratory Calibration Procedures” outlines details related to laboratory 

wide protocols on quality control.   

 

12.1. Daily run and batch QC 

 12.1.1. Calibration is required daily. Either a blank and a high standard or a client  specific 

three standard concentration points and a blank calibration is required   daily.  

 

 12.1.2. IEC correction standards for aluminum and iron are required daily. 

 

 12.1.3. ICV within ±5% for 200.7 and within ±10% for all other methods. 

 

12.1.4. ICB/CCB less than two times ± MDL or less than ± LOD for DOD.  The ICB/CCB 

must immediately follow the ICV/CCV. 

 

 12.1.5. RL standard run against the curve within ±20% initially and client specific 

 requirement of ±30% at the end of the analysis. 
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12.1.6. IFA/IFB analyzed daily.  IFA must be less than two times ±MDL or less than ±LOD 

unless verified standard contamination for DOD.  The IFB must recover within ±20% for all 

analytes in the IFB standard solution. If the IFA/IFB solution is not within the required 

limits- if possible reanalyze all associated samples, if not possible to reanalyze all associated 

samples must be flagged with an “Q” on the final report for DOD.  

 

12.1.7. CCV must be analyzed every ten samples or at the end of the analysis within ±10% 

or the samples are reanalyzed if possible.  If samples cannot be reanalyzed, all samples are 

flagged with a "Q" for DOD.   

 

12.1.8. CCB must be analyzed every ten samples immediately following the CCV or at the 

end of the analysis less than two times ±MDL or <±LOD for DOD.  If the CCB is out of the 

allowable range the samples are flagged with “B”.  

 

 12.1.9. The following should be analyzed with each preparation batch containing  a matrix 

spike. 
 

• Serial dilution:  If the analyte concentration is sufficiently high (minimally, a 

factor of 50 above the instrumental detection limit after dilution), an analysis of a 

1:4 dilution (volumetric glassware must be used) should agree within +10% of 

the original determination.  If not, a chemical or physical interference effect 

should be suspected.  The analyst and or section manager must note this situation 

on the final analytical report. 
 

• Post digestion spike addition:  An analyte spike added to a portion of a prepared 

sample, or its dilution, should be recovered to within 75% to 125% of the known 

value for SW6010B and 80 to 120% for SW6010C and is required especially if 

the pre-digestion matrix spike is outside of control limits.  The spike addition 

should produce a minimum level of 10 times and a maximum of 100 times the 

instrumental detection limit.  If the spike is not recovered within the specified 

limits, a matrix effect should be suspected.  Run all associated samples in the 

preparatory batch by method of standard additions (MSA) or apply “J” flag.  The 

analyst and or section manager must note this situation on the final analytical 

report.  Apply “J” flag if the post spike is outside the range of 75 to 125% for 

6010B or 80 to 120% for 6010C. 

 

 
  

12.2 Quarterly and/or every six months 
 

12.2.1. Linear range standards must be analyzed at a frequency no less than once every 

six months.  The linear range standard is required for verification that samples are 

actually linear to the degree claimed.  The analyst is responsible for completing this 

task in a timely manner.  The linear range standard must be within +/-10% of true 

value.  This standard can be analyzed as the linear dynamic range. 
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12.2.2. The inter-element correction factors (IEC) should be verified at the time the 

linear range standards are analyzed or whenever there is any question about whether 

an IEC is correcting correctly. 
 

12.2.3. IDL’s, linear range and IEC checks must be performed quarterly if straight 

CLP work is required. 
 

12.3. Digested Batch QC 

 
12.3.1. All quality control data should be maintained and available for easy reference or 

inspection. 
 

12.3.2. Employ a minimum of one method blank per sample batch to determine if 

contamination or any memory effects are occurring.  A method blank (BLK), 

sometimes referred to as the preparation blank is a volume of reagent water acidified 

with the same amounts of acids as were the standards and samples.  These blanks are 

taken through the same digestion/preparation steps as the sample being tested.  The 

result for the method blank should not indicate contamination greater than ± ½ RL 

for DOD or ±RL/CRDL for other or CLP.  If exceeded, the impact upon the data 

should be evaluated and the associated sample(s) should be either re-digested or the 

data should be qualified.  The extracted blank associated with TCLP batches must be 

less than 100 X the regulatory limit for barium. 
 

12.3.3. Employ a minimum of one blank spike (BS) for aqueous samples or one Teflon 

chip spiked sample per sample batch to verify the digestion procedure.  These blank 

spikes are taken through the same digestion/preparation steps as the sample being 

tested.  The control limits are +15% method 200.7 - aqueous and soil samples or 

+20% for all other methods aqueous and soil samples. If the BS is not in control, the 

impact upon the client data should be evaluated and the associated sample(s) should 

be re-digested.  Consult your supervisor for further action.  Qualifying the associated 

data may not be permissible for some clients. 
 

12.4. Sample 
 

12.4.1. Analyze one replicate sample for every twenty samples or per analytical batch, 

whichever is more frequent.  A replicate sample is a sample brought through the 

whole sample preparation and analytical process in duplicate.  It is acceptable to 

substitute a matrix spike duplicate for the sample replicate.  Project specific 

requirements will take precedence in these situations.  NJDEP demands that this 

requirement be met with a client specific duplicate rather than a spike duplicate. The 

control limits are less than or equal to 20% RPD (if both are >5x RL) or ± the RL (if 

either are <5X RL).  Supervisor must be notified if the control limit is not met.  

Supervisor will dictate corrective action if required.  The final analytical report must 

document this situation.  Apply “J” flag for DOD if acceptance criteria are not met.  

Apply “*” flag for CLP and other work if acceptance criteria are not met.  

 
 

12.4.2. Analyze a minimum of one spiked sample and/or spiked sample duplicate for 

every twenty samples or per analytical batch, whichever is more frequent.  Project 
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specific requirements will take precedence in determining whether a matrix spike 

duplicate is employed in these situations.  If the analyte level in the sample is not greater 

than 4X the spiking level, the spike recoveries should be within +20% of the true value.  

If not, and sufficient sample volume exist, a post digestion spike should be analyzed.  

Apply “J” flag for DOD if acceptance criteria are not met.  Apply “N” flag or CLP and 

other work if acceptance criteria are not met.   
 

 

13. Calibration and Standardization 

 

Quality Systems SOP QS08 “Technical / Operational Definitions, Minimum Essential 

Quality Control Elements, and Laboratory Calibration Procedures” related to Calibration 

Procedures provides laboratory wide protocols for calibration and standardization.   

 

13.1. Set up the instrument with proper operating parameters.  The instrument must be 

allowed to become thermally stable before beginning (usually requiring at least 

30 minutes of operation prior to calibration). 

 

13.2. Operating conditions - The instrument settings can be found in method file within 

the iTEVA software.  For operation with organic solvents, use of the auxiliary argon 

inlet is recommended, as are solvent-resistant tubing, increased plasma (coolant) argon 

flow, decreased nebulizer flow, and increased RF power to obtain stable operation and 

precise measurements.  Sensitivity, instrumental detection limit, precision, linear 

dynamic range, and interference effects must be established for each individual analyte 

line on that particular instrument.  The analyst must (1) verify that the instrument 

configuration and operating conditions satisfy the analytical requirements and (2) 

maintain quality control data confirming instrument performance and analytical results. 

 

13.3. Auto-peak when some change has been made to the introductory system and calibrate 

the instrument according to the instrument manufacturers recommended procedures, 

using the specified calibration standard solutions.  Flush the system with 2% HNO3 / 5% 

HCl between each standard or as the manufacturer recommends.  (Use the average 

intensity of multiple exposures for both standardization and sample analysis to reduce 

random error.)  The calibration curve consists of a blank and three standards (r>0.998).  

If a three point calibration curve is not required for the client samples being analyzed by 

Empirical Laboratories may use a blank and one standard as referenced in USEPA - CLP 

protocols. 

 

13.4. Before beginning the sample run, analyze single element Iron and Aluminum 

standards at their linear range to check for IEC drifts.   Analyze these standards 

first as QC samples with an IEC check table and action taken should be to 

calculate IECs using the iTEVA software.  Make sure to rinse thoroughly after 

running these linear range standards, they can cause carry over into the initial 

QC samples which are analyzed next. The analysis order follows as: ICV (+ 

10%) for 200.7 (+ 5%) and ICB (< ±2xMDL, <±LOD-DOD or ±RL/CRDL for 

others or CLP, first, then analyze a reporting limit standard (a standard at the 

concentration of the reporting limit).  This standard should be within ±20% for 

DOD projects and ±30% for samples analyzed for 6010C.  Then reanalyze the 
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highest mixed calibration standard(s) as if it were a sample.  Concentration 

values obtained should not deviate from the actual values by more than 5%.  If 

they do, follow the recommendations of the instrument manufacturer to correct 

for this condition.  Note: Supervisor must be notified if the control limit is not 

met.  Supervisor will dictate corrective action if required.  The final analytical 

report must document this situation. 

 

 

13.5. For CLP projects, verify the validity of the curve in the region of 2x the  contract 

required detection limit (CRDL) before and after each batch of  20 samples in the 

specific order of CRI, ICSA, ICSAB, CCV and  CCB (CCB criteria: < ±MDL or 

±RL/CRDL for others or CLP, or twice  during every 8-hour work shift, whichever is 

more frequent.  Results  should be within +20%.  Supervisor must be notified if the 

control limit is  not met.  Supervisor will dictate corrective action if required.  The 

final  analytical report must document this situation.  (For Internal QC) 

 

13.6. Verify the inter-element and background correction factors at the beginning  of 

the sequence in the specific order of IFA, IFB, CCV and CCB (IFA  criteria: non-

spiked analytes < ±2xMDL or <±LOD for DOD beginning of sequence.  Do this by 

analyzing the interference check solution IFA and IFB.  Absolute value of concentration 

for all non-spiked analytes in the IFA must be <LOD (unless they are verified trace 

impurity from one of the spiked analytes) for DOD. Results must be within +20% of the 

true value for IFB.  If corrective action fails, apply Q-flag to all results for specific 

analyte(s) in all samples associated with the ICS. (CRI, ICSA and ICSAB required at the 

end for CLP projects only). 

 

Note: Supervisor must be notified if the control limit is not met.  Supervisor will 

dictate corrective action if required.  The final analytical report must document 

this situation. 

 

13.7. The instrument must be calibrated once every 24 hours. 

 

13.8. Instrument Autosampler Report example: 

 

Calibration Rack (used by instrument software to insert QC) 

 
1) Cal Std 1 (blank) 

2) Cal Std 2 (Low Cal) 

3) Cal Std 3 (Mid Cal) 

4) Cal Std 4 (Ba @ 5000 ppb) 

5) Cal Std 5 (QC5) 

6) Cal Std 6 (QC 21) 

7) Cal Std 7 (NAK 100) 

8) Cal Std 8 (QC3) 

9) Cal Std 9 (Ag) 

10) Al IEC-(correction using ITEVA software) 

11) Fe IEC-(correction using ITEVA software) 
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Sample Sequence RACK 1 
 

1) SEQ-ICV 

2) SEQ-ICB 

3) SEQ-CRL1-reporting limit standard 1 

4) SEQ-CRL2-reporting limit standard 2 

5) Ba@ 5000 ppb (readback) 

6) QC5  

7) NAK High-(readback) 

8) QC 21 High-(readback) 

9) Salt Cal  at 500 ppm (readback) 

10) Rinse 

11) SEQ-IFA1 

12) SEQ-IFB1 

13) Rinse 

14) SEQ-CCV 

15) SEQ-CCB 

16) Method Blank (Batch # -BLK1) 

17) Blank Spike ( Batch # -BS1) 

18) Sample 1 

19) Sample 2 

20) Sample 3 

21) Sample 4 

22) Sample 5 

23) Sample 6 

24) Sample 7 

25) Sample 8 

26) Sample 9 

27) Sample 10 

28) SEQ-CCV 

29) SEQ-CCB 

30) Sample 11 

31) Sample 12 

32) Sample 13 

33) Sample 14 

34) Sample 15 

35) Sample 16 

36) Sample 17 

37) Sample 18 

38) Sample 19 

39) Sample 20 

40) Sample matrix spike (batch#- MS1) 

41) Sample matrix spike duplicate (batch# -MSD1) 

42) Sample post digestion spike (batch# -PS1) 

43) Sample serial dilution (batch# -DUP1) 

44) SEQ-CCV 
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45) SEQ-CCB 

46) Preparation Blank (batch# -BLK1) 

47) Blank Spike (batch# -BS1) 

48) Sample 1 

49) Sample 2 

50) Sample 3 

51) Sample 4 

52) Sample 5 

53) Sample 6 

54) Sample 7 

55) Sample 8 

56) Sample 9 

57) Sample10 

58) SEQ-CCV 

59) SEQ-CCB 

60) Sample 11 

 

RACK 2  

 
1) Sample 12 

2) Sample 13 

Etcetera… 

 

Each rack holds 60 samples and there are 4 racks that are used for samples, CCVs and CCBs 

and run QC. 

 

 

14. Procedure 

 

14.1. Once the instrument has been calibrated, begin the analysis of samples. 

 

14.2. If particulates are visible in the digestate, the sample must be filtered prior to analysis.  

If filtration is required, a filter blank must be prepared by filtering reagent grade water 

which has been properly acidified.  In the event USACE samples are filtered, all 

USACE samples and the QC samples in that QC batch must be filtered.  All 

USACE solid samples and their associated batch QC samples must be filtered prior 

to analysis. 
 

14.3. Flush the system with 2% HNO3 / 5% HCl for at least 1 minute before the analysis of 

each sample. 

 

14.4. Dilute and reanalyze samples that are more concentrated than the linear calibration 

limit or, for 200.7, + 10% of the linear range standard.  In the case of USACE samples, 

the criterion changes and requires dilution and reanalysis of all samples which 

produce a concentration that exceeds the highest calibration standard.  Sample 

results detected between the MDL and LOQ are flagged as estimated with a "J" 

flag.   
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14.5. Verify calibration every 10 samples or every 2 hours, whichever is more frequent and 

at the end of the analytical run, using a continuing calibration verification (CCV) sample 

and a continuing calibration blank (CCB) sample. 

 

14.5.1. The results of the CCV are to agree within ±10% for 6010 (5% for 200.7) on 

initial verification of the expected value, with relative standard deviation (RSD) < 

5% from 3 replicates (minimum of three integrations).                                           If 

not, terminate the analysis, correct the problem, and reanalyze the previous ten 

samples.  The analyst may continue the analytical run, and after conferring with the 

section manager it may be necessary to reanalyze a group of samples.  The analyst 

must notify the section manager within 24 hours. 

 

14.5.2. The results of the calibration blank (this is not the method/preparation blank) 

are to be < 2x ±MDL, for CLP <RL, for DOD no analytes detected >±LOD.  If the 

calibration blank is not in control, evaluate the impact upon the previous 10 samples.  

Reanalysis may be required after an evaluation of the data.  If the blank < 1/10 the 

concentration of the action level of interest and no sample is within 10% of the 

action limit, samples need not be reanalyzed.  One must also evaluate the reporting 

limit (RL) as it relates to 3X the IDL/MDL.  If the RL is significantly above 3X IDL 

or MDL then reanalysis may not be required (Na, K, Mg and Ca are good examples 

of this situation). 

 

             14.6.   Demonstration of Capability (DOC) – Each analyst must perform a DOC to 

demonstrate proficiency with this method. Refer to SOP-413 for guidance. 

 

 

 

15. Data Analysis and Calculations 

 

Quality Systems SOP QS09 “General and commonly used Laboratory Calculations” provides 

details on general calculations used throughout the laboratory. 

 

15.1. Total hardness is reported from HNO3 preserved sample.  The final concentration is calculated 

from the calcium and magnesium results as follows: Ca mg/L x 2.5 + Mg mg/L x 4.1 = total 

Hardness in mg/L as CaCO3. 

  

15.2. The instrument will generate data results in mg/L or µg/L (labeled appropriately).  Each result 

represents an average of three individual readings per metal channel. 

 

15.3. For aqueous samples, if a post/pre-digestion dilution is performed, the result must be 

multiplied by this factor or the dilution factor must be entered into the instrument data table in 

which case the instrument will generate data corrected for the dilution. 

 

15.4. For solid samples, if a post-digestion dilution is performed, the result must be multiplied by 

this factor or the dilution factor must be entered into the instrument data table in which case the 

instrument will generate data corrected for the dilution.  Also, the result must be converted to 

reporting units which are usually mg/kg. 
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SR (ug/g or mg/kg) = IR*DF*FED/SM 

 

SR = Sample result 

IR = Instrument result (µg/L) 

DF = Dilution factor (post digestion) 

FED = Final volume of digestate (L) 

SM = Sample mass digested (g) 

 

16. Method Performance 

 

Demonstration of Capability (DOC):  Each analyst must perform a DOC prior to reporting data.  

The analyst must prepare (for prep technicians) and analyze (analysts reviewing and reporting data) 

4-LCS samples.  The data is calculated for accuracy and precision requirements.  The DOC form, as 

listed within section 2.5 of the Quality Manuel is completed by each analyst and then provided to 

the supervisor for further processing and approval. 

DOC LCS Preparation:  See BS preparation under 10.7.1 through10.7.3 above.  

DOC Accuracy and Precision Criteria:  The LOD is analyzed at 2 times the MDL and must result in 

an concentration 3 times the noise.  The LOQ is analyzed at the RL or 2 times the RL and must be 

recovered within ±50%. 

 

17. Pollution Prevention:  

 Quantity of chemicals purchased should be based on expected usage during its shelf-life    and the 

disposal cost of unused material. Actual reagent preparation volumes should reflect anticipated 

usage and reagent stability. 

 

 

18. Data Assessment and Acceptance Criteria for Quality Control Measures 

 

Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  Laboratory Non-

Conformance / Corrective Action Procedures, Decision Making Guidelines for Evaluating 

Laboratory Analytical Sample and Quality Control Results”, provides details on data assessment 

and acceptance criteria for Quality Control Measures.  Table 2 of this SOP provides information on 

QC samples, frequency, and the associated criteria specific to the performance of this method. 

 

19. Contingencies for Handling out-of-control or unacceptable data 

Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  Laboratory Non-

Conformance / Corrective Action Procedures, Decision Making Guidelines for Evaluating 

Laboratory Analytical Sample and Quality Control Results”, provides details on handling out of 

control data.  Table 2 within this SOP also lists corrective actions associated with the failure of the 

various QC samples employed for the performance of this method. 

 

CORRECTIVE ACTIONS 

 

19.1. INSTRUMENT RELATED 
 

19.1.1. ICV not within + 10% or + 5% for 200.7 

a. Is the problem with the solution? 

i. Re-prepare or obtain new stock. 
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b. Is the problem with the calibration? 

i. Recalibrate through analysis of appropriate standards and recheck ICV. 

 

19.1.2. ICB not +MDL or within + 3X IDL or CRDL for CLP, DOD no analytes 

detected >LOD 
 

a. Is the problem with the solution? 

i. Re-prepare 

b. Is the problem with the calibration? 

i. Recalibrate with the blank solution or the low level standard.  Restart analysis 

with the ICV. 

 

19.1.3. Check standards not within + 5% 

a. Is the problem with the solution? 

i. Re-pour, re-prepare or obtain new stock. 

b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart analysis with the 

ICV. 

 

19.1.4. CLP only-CRI not within + 20% (Internal QC, only required for   

 CLP work). 

a. Is the problem with the solution? 

i. Re-prepare or obtain new stock. 

b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart analysis with 

the ICV. 

19.1.5. IFA metals not present are not less than the detection limit for that metal, for 

IFA DOD, absolute value of concentration for all non-spiked analytes <±LOD. 
a. Is the problem with the solution? 

i. Re-prepare or obtain new stock. 

b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart analysis with 

the ICV. 

 

19.1.6. IFB not within + 20% 

a. Is the problem with the solution? 

i. Re-prepare or obtain new stock. 

b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart analysis with the 

ICV. 

 

19.1.7. CCV not within + 10% 

a. Is the problem with the solution? 

i. Re-prepare or obtain new stock. 

b. Is the problem with the calibration? 

i. If appropriate, continue the analysis.  Discuss effect of the out of control 

situation with your supervisor.  The samples will be reanalyzed or the data 

will be qualified.   
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19.1.8.. CCB not   ±2xMDL or CRDL for CLP, DOD no analytes detected >±LOD. 

a. Is the problem with the solution? 

i. Re-prepare 

b. Is the problem with the calibration? 

i. Re-calibrate and reanalyze.    

 

19.2. DIGESTION RELATED 
 

19.2.1. Preparation blank (BLK) not within + ½ RL and + RL for common 

contaminants DOD or RL/CRDL for other or CLP 

a. Is the problem with the instrument? 

i. Evaluate with respect to instrumental bias or reanalyze when instrument is in 

control. 

b. Is the problem with the digestion? 

i. If associated samples are less than 10X the level of the preparation blank but 

above the RL, the sample must be re-digested or the data must be qualified on 

the final report.  

 

19.2.2. BS not within control limits 

a. Is the problem with the instrument? 

i. Evaluate with respect to instrumental bias or reanalyze when instrument is in 

control. 

b. Is the problem with the digestion? 

i. If biased low, associated samples must be re-digested. 

ii. If biased high, the impact upon the data user must be evaluated.  The samples 

will be re-digested or the data will be qualified on the final report. 

 

19.3. SAMPLE MATRIX RELATED 

 
19.3.1. Replicate analysis RPD not within +20% (if both are >5X CRDL) or ± the 

CRDL (if either are <5X CRDL). 

a. The associated sample data must be qualified on the final report. 

 

19.3.2. Spike analysis recovery not within +20%. 

a. Is the analyte level in the sample greater than 4X the spiking level? 

i. If yes, the spike recovery is not evaluated. 

ii. If no, a post digestion spike must be analyzed and the associated sample 

data must be qualified on the final report. 

 

19.3.3. When required, post digestion spike analysis recovery not within +25% for 

SW6010B, DOD or ± 20% SW6010C. 

a. The associated sample data must be qualified on the final report. 

b. For USACE analysis by MSA is required. 

 

19.3.4. Serial dilution analysis percent difference not within +10% 

a. Is the analyte concentration a factor of 50 above the instrumental detection limit 

after dilution? 
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i. If no, the serial dilution data can not be evaluated. 

iii. If yes, a chemical or physical interference effect should be suspected.  

The analyst and or section manager must note this situation on the final 

analytical report. 

 

20. Waste Management 

Laboratory SOP QS14 on Waste Handling discusses general guidelines for the appropriate handling 

of wastes and the laboratory program on waste management. 

 

 

21. References 

 

21.1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846; Third 

Edition (Update III); Method 6010B and Method 6010C. 

 

21.2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 200.7; APX-B. 

 

21.3. USEPA Contract Laboratory Program (CLP) for Inorganics ILM04.1; ILM05.2 

 

21.4. DOD Quality Systems Manual for Environmental Laboratories Version 4.1.  (Based 

on NELAC Voted Revision June 5, 2003. 4/22/09 

 

22. Tables, Diagrams, Flowcharts and Validation Data 

 

Table 1 contains all applicable parameters with the applicable RL/LOQ, LOD and Detection Limit. 

 

Table 1A, contains a list of the wavelengths used for each analyte. 

 

Table 2, for all technical methods, contains the QA/QC summary table. 

 

Table 3, Technical Completeness / Accuracy Checklist 

 

Table 4, Data Reviewers Checklist 
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Table 1 Water 

Analyte MDL LOD MRL Units 

Aluminum 50.0 100 200 ug/L 

Antimony 5.00 8.00 15.0 ug/L 

Arsenic 3.00 6.00 10.0 ug/L 

Barium 5.00 10.0 40.0 ug/L 

Beryllium 1.00 2.00 5.00 ug/L 

Boron 10.0 20.0 30.0 ug/L 

Cadmium 1.00 2.00 5.00 ug/L 

Calcium 1000 2000 5000 ug/L 

Chromium 2.00 4.00 10.0 ug/L 

Cobalt 5.00 10.0 12.5 ug/L 

Copper 4.00 8.00 10.0 ug/L 

Iron 30.0 60.0 100 ug/L 

Lead 1.50 3.00 3.00 ug/L 

Magnesium 1000 3000 5000 ug/L 

Manganese 3.00 6.00 15.0 ug/L 

Molybdenum 5.00 10.0 15.0 ug/L 

Nickel 3.00 6.00 10.0 ug/L 

Potassium 1000 3000 5000 ug/L 

Selenium 3.00 5.00 6.00 ug/L 

Silver 1.00 2.00 10.0 ug/L 

Sodium 1000 3000 5000 ug/L 

Thallium 3.00 4.00 8.00 ug/L 

Tin 10.0 20.0 30.0 ug/L 

Titanium 5.00 10.0 15.0 ug/L 

Vanadium 5.00 10.0 12.5 ug/L 

Zinc 5.00 10.0 20.0 ug/L 

Table 1 TCLP 

Analyte MDL LOD MRL Units 

Antimony 0.00500 0.00800 0.0150 mg/L 

Arsenic 0.00300 0.00600 0.0100 mg/L 

Barium 0.00500 0.0100 0.0400 mg/L 

Cadmium 0.00100 0.00200 0.00500 mg/L 

Chromium 0.00200 0.00400 0.0100 mg/L 

Copper 0.00400 0.00800 0.0100 mg/L 

Lead 0.00150 0.00300 0.00300 mg/L 

Selenium 0.00300 0.00500 0.00600 mg/L 

Silver 0.00100 0.00200 0.0100 mg/L 
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Table 1 Soil 

Analyte MDL LOD MRL Units 

Aluminum 10.0 20.0 40.0 mg/Kg 

Antimony 1.00 1.60 3.00 mg/Kg 

Arsenic 0.600 1.20 2.00 mg/Kg 

Barium 1.00 2.00 8.00 mg/Kg 

Beryllium 0.200 0.400 1.00 mg/Kg 

Boron 2.00 4.00 6.00 mg/Kg 

Cadmium 0.200 0.400 1.00 mg/Kg 

Calcium 200 400 1000 mg/Kg 

Chromium 0.400 0.800 2.00 mg/Kg 

Cobalt 1.00 2.00 2.50 mg/Kg 

Copper 0.800 1.60 2.00 mg/Kg 

Iron 6.00 12.0 20.0 mg/Kg 

Lead 0.300 0.600 0.600 mg/Kg 

Magnesium 200 600 1000 mg/Kg 

Manganese 0.600 1.20 3.00 mg/Kg 

Molybdenum 1.00 2.00 3.00 mg/Kg 

Nickel 0.600 1.20 2.00 mg/Kg 

Potassium 200 600 1000 mg/Kg 

Selenium 0.600 1.00 1.20 mg/Kg 

Silver 0.200 0.400 2.00 mg/Kg 

Sodium 200 600 1000 mg/Kg 

Thallium 0.600 0.800 1.60 mg/Kg 

Tin 2.00 4.00 6.00 mg/Kg 

Titanium 1.00 2.00 3.00 mg/Kg 

Vanadium 1.00 2.00 2.50 mg/Kg 

Zinc 1.00 2.00 4.00 mg/Kg 
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TABLE 1A 
 

METAL 

 

 

WAVELENGTH 

 

Aluminum 396.1 

Antimony 206.8 

Arsenic 189.0 

Barium 233.5 

Beryllium 313.0 

Boron 249.7 

Cadmium 228.8 

Calcium 317.9 

Chromium 267.7 

Cobalt 228.6 

Copper 324.7 

Iron 261.1 

Lead 220.3 

Magnesium 279.0 

Manganese 257.6 

Molybdenum 202.0 

Nickel 231.6 

Potassium 766.4 

Selenium 196.0 

Silver 328.0 

Sodium 589.5 

Strontium 421.5 

Thallium 190.8 

Tin 189.9 

Titanium 334.9 

Vanadium 292.4 

Zinc 206.2 
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Table 2 - Method Quality Control Requirements Summary 

QC Check Minimum Frequency / 

Requirements 

Acceptance Criteria Corrective Action for Failures / Data 

Useability 
Interference Check • once per calibration • IFA less than LOD if not verified 

contamination of standard. IFB must be 

within ±20%. 

• Check IEC corrections for metals in the 

IFA.  

Calibration Curve • Prior to analyzing any samples 

• A minimum of a blank and 3-points 

for linear fits client specific 

requirement or a blank and high 

standard. 

• Low standard at the RL level run 

against the curve within 20% initially 

and within 30% for subsequent 

analysis (6010C). 

• Linear calibration Corr. of 0.998 

• Must follow curve processing 

requirements from SOP QS08 

 

• Re-evaluate curve mix and makeup 

• Re-run curve 

• Check instrument for maintenance needs 

• Re-prep the curve standards 

 

Samples cannot be analyzed until there is a 

passing calibration 

ICB At the beginning of every sequence Must meet the <±LOD for DOD or < 

2xMDL 

Re-run 

ICV Alternate source standard to be analyzed 

after every calibration curve 
• Must be in the range 90 to 110% for 

6010B&C, or 95 to 115% for 200.7. 

• Re-analyze an ICV from a different source 

• Re-prep and re-analyze the ICV 

• Re-calibrate and verify standard preps and 

sources 

CCV • At the beginning of every sequence 

• For every 10-client samples 

 

• Must be in the range 90 to 110% • Samples must be reanalyzed if possible, if 

not samples are flagged with a “Q”. 

Closing CCV • At the end of every sequence • Must be in the range 90 to 110% • Samples must be reanalyzed if possible, if 

not samples are flagged with a “Q”. 

BLK One per prep batch • Must be less than ½ ±RL. • Re-analysis to confirm the positive value 

• Ascertain if there are any samples within 

the batch that meet the MB criteria and 

provide the information for the decision 

makers 

• If results are between the LOD or 

RL/LOQ, then assess the data and notify 

the PM for further action 

• Re-prep of samples associated with the 

MB 

• NCR will be required for data reported 

• Final Report data flagging will be required 
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Table 2 - Method Quality Control Requirements Summary 

QC Check Minimum Frequency / 

Requirements 

Acceptance Criteria Corrective Action for Failures / Data 

Useability 
BS One per prep batch Must be in the range of 80 to 120% for 

6010B, DOD; or 85 to 115% for 200.7. 

 

• Rerun to confirm problem. 

• All samples associated with the LCS must 

be re-digested, reanalyzed if possible. 

• NCR will be required for data reported 

• If samples cannot be re-digested or re-

analyzed Final Report data flagging will 

be required 

MS One per prep batch Must be in the range  of 80 to 120% Final Report data flagging will be required 

MSD One per prep batch Must be in the range  of 80 to 120% Final Report data flagging will be required 

Sample Duplicate One per prep batch 20% Flag samples 

Post Digestion Spike One per batch ±25% for DOD/6010B, ±20% 6010C If possible MSA required, Flag samples 

DOC Study • Initially per analyst prior to reporting 

data 

• Annually 

• Follow specific guidelines from 

section 16 for the preparation and 

analysis of DOC samples  

• Must meet the criteria of the BS for 

average accuracy 

 

• Re-prep and / or 

• Re-analysis 

MDL Study Once per year   

LOD Verification Every quarter   

LOQ Verification Every quarter   

Linear Dynamic Range Study 

(LDR) 

Every six months   
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Table 3, Technical Completeness / Accuracy Checklist 
 

1. Were all the QC check elements analyzed – refer to Table 2 of the SOP 

2. Were the QC criteria met 

3. In cases of failures, was there an NCR written 

4. Were dilution factors applied correctly 

5. Was the data uploaded into LIMS via direct upload – if yes, then was a cross check subset of 

the uploaded values performed 

6. Was the red marked data in LIMS checked for accuracy and the corresponding hard copy 

data documented appropriately 

7. Were proper data qualifiers applied to the data in LIMS 

8. Was the hard copy package checked for completeness to include all data for the sequence 

such that the data reviewer could reconstruct sample analyses and validate / approve the data 

 

Table 4, Data Reviewers Checklist (Prior to approving data) 
 

1. Does the hard copy raw data (or electronic raw data) package look complete and include all 

data points 

2. Were QA objectives met and for failures were the appropriate actions taken 

3. For direct uploads to LIMS, did a subset cross check match the raw data 

4. Did all the manual entries into LIMS match the raw data 

5. Were there appropriate signatures and documentation on the raw data 

6. Were appropriate LIMS flags used 

7. Were manual calculations verified 
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ANALYST DATA REVIEW CHECKLIST Sample Number(s): 

Batch Number(s): 

Method: 6010B or 6010C ( ICP ) 
QA/QC Item Yes No NA Second 

Level 
Review 

1. Were samples analyzed within USACE holding times?     
2. Was initial calibration curve QC criteria met?     
3. Was all continuing calibration criteria in control?  

 
 
 

 
 

 
 

4. Did any sample exceed the highest calibration standard?     
 (If yes, were appropriate dilutions made to generate 
samples  concentration within calibration range?) 

    

5. Did BS or blank spike meet control limits?  
 

 
 

 
 

 
 

6. Did MS/MSD meet control limits?     
7. Was the preparation (Method) Blank (BLK)  below the 
project required detection limits? 

    

8. Did you return samples back to cold storage immediately 
after use? 

 
 

 
 

 
 

 
 

9. Was hot plate temperature monitored/documented and did 
you apply the thermometer correction factor? 

    

10. Sample preparation information is correct and complete.     
11. Analytical results are correct and complete.  

 
 
 

 
 

 
 

12. The appropriate SOP's have been used and followed.     
14. "Raw data" including all manual integration's have been 
correctly interpreted. 

    

15. "Special" sample preparation and analytical requirements 
have been met. 

 
 

 
 

 
 

 
 

16. Documentation complete (e.g., all anomalies in the 
analytical sequence have been documented, corrective action 
forms are complete. 

    

 

 

Comments on any "No" response: 

 

 

 

 

               Analyst:  Date:  
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Changes Summary: 

 

Revision Date: 03/25/2010 

 

• The SOP has been reviewed for accuracy and completeness.  No changes have been made. 
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DISTILLATION OF CYANIDE, TOTAL AND AMENABLE 

 

REFERENCE:  

SW846 METHOD 9012A, USEPA Methods 335.1, 335.4, Standard Methods SM 4500-CN C,G, 18
th

, 

19
th

 ED. / CLP ILMO 4.1 

See Addendum for USEPA CLPILM 05.2 (Aqueous, Soil/Sediment) 

 

 

I. SCOPE AND APPLICATION 

 

A. This method is applicable to the distillation of cyanide from drinking, surface, and saline 

waters, domestic and industrial wastes, and soil/sediments. 

 

B. The limit of detection for waters is 0.0050 mg/L and the limit of quantitation is 0.010 mg/L.  

The limit of detection for soils is 0.13 mg/kg and the limit of quantitation is 0.25 mg/kg. 

 

II. SUMMARY OF METHOD 

 

 A. The cyanide as hydrocyanic acid is released from cyanide complexes by means of a reflux 

distillation operation, and absorbed in a scrubber containing sodium hydroxide solution.  The 

cyanide ion in the absorbing solution is then determined colorimetrically. 

 

 B. Cyanide is defined as cyanide ion (CN-) and complex cyanides converted to hydrocyanic 

acid (HCN) by reaction in a reflux system of a mineral acid in the presence of magnesium ion. 

 

III. SAMPLE HANDLING AND PRESERVATION 

 

A. The sample should be collected in plastic or glass bottles of 100 mLs.  All bottles must be 

thoroughly cleansed and thoroughly rinsed to remove soluble material from containers. 

 

B. Oxidizing agents such as chlorine decompose most of the cyanides.  Test a drop of the sample 

with potassium iodide-starch test paper (KI starch paper); a blue color indicates the need for 

treatment.  Add ascorbic acid, a few crystals at a time, until a drop of sample produces no color 

on the indicator paper.  Then add an additional 0.06 g of ascorbic acid for each liter of sample 

volume. 

 

C. Samples (not including soils/sediments) must be preserved with 2 mL of ten normal sodium 

hydroxide per liter of sample (pH >12) at time of collection. 

 

D. Samples should be analyzed as rapidly as possible after collection.  If storage is required, the 

samples should be stored in a refrigerator to maintain temperature at 4°C. 

 

E. The holding time for cyanide is 14 days counting the day of sampling as the first day.  This 

applies for soils as well as waters.  Samples must be distilled and analyzed within 14 days of 

sampling. 

 

IV. INTERFERENCES 
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A. Interferences are eliminated or reduced by using the distillation procedure. 

 

B. Sulfides adversely affect the colorimetric procedures.  Samples that contain hydrogen sulfide, 

metal sulfides, or other compounds that may produce hydrogen sulfide during the distillation, 

must be treated by adding lead acetate, or if the sulfide concentration is too high, add powdered 

lead carbonate [Pb(CO3)2] to avoid significantly reducing pH.  Repeat test until a drop of 

treated sample no longer darkens the acidified lead acetate test paper.  Filter sample before 

raising pH for stabilization.   

 

C. High results may be obtained for samples that contain nitrate and/or nitrite.  During the 

distillation, nitrate and nitrite will form nitrous acid, which will react with some organic 

compounds to form oximes.  These compounds once formed will decompose under test 

conditions to generate HCN. Nitrate and nitrite interference is eliminated by adding 0.5 ml of 

sulfamic acid solution (VII.A.7) before distillation. 

 

D. The presence of surfactants may cause the sample to foam during refluxing.  If this occurs, the 

addition of an agent such as Dow Corning 544 antifoam agent will prevent the foam from 

collecting in the condenser. 

 

V. SAFETY 

 

A. CAUTION:  KCN is highly toxic.  Avoid contact with standard solutions. 

 

B. If an alkaline solution containing simple cyanide is acidified, the simple cyanide will be 

released. 

 

C. The toxicity or carcinogenicity of each reagent used in this method has not been fully 

established.  Each chemical should be regarded as a potential heath hazard and exposure 

should be as low as reasonably achievable.  Cautions are included for known extremely 

hazardous materials or procedures. 

 

D. Your laboratory manager and/or Safety Officer is responsible for maintaining a current 

awareness file of OSHA regulations regarding the safe handling of the chemicals 

specified in this method.  A reference file of Material Safety Data Sheets  (MSDS) are 

made available to all  personnel involved in the chemical analysis. A formal safety plan is 

also available.  Use proper personal protection equipment, PPE, such as safety glasses, 

gloves and laboratory coats should be warn when handling samples and chemicals. 

 

 

VI. EQUIPMENT/APPARATUS  

 

A. Reflux distillation apparatus is a midi-distillation apparatus which uses Hammett Scientific 

Glassware Note:  This glassware is made to fit our specific block digester for cyanide.  

Glassware orders must be made in advance since they are not made until ordered. 
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VII. REAGENTS AND STANDARDS PREPARATION 

 

A. Reagents 

 

1. Sodium Hydroxide, 0.25N:  Dissolve 10 g grams of NaOH in DI water and dilute to 1 liter 

with DI water.  Store in a labeled plastic container at room temperature. 

 

2. Sulfuric Acid 1:1:  Slowly add 500 mL of concentrated H2SO4 to 500 mL DI water.  Use 

caution because solution will become extremely hot!!  Allow to cool while continuing to 

stir.  Store in a labeled container at room temperature. 

 

4. Magnesium Chloride Solution:  Weigh 510 g of MgCl2•6H2O into a 1 liter flask; 

dissolve and dilute to 1 liter with DI water. Store in a labeled plastic container at room 

temperature. 

 

5. Chlorine Bleach Made with Sodium Hypochlorite, such as Chlorox. 

 

6. Rhodanine Indicator: 

Dissolve 20 mg of p-dimethyl-amino-bensalrhodanine in 100 mL acetone. 

 

7. Sulfamic Acid:  Dissolve 40 g of sulfamic acid in DI water, dilute to 100 mL (saturated 

solution).  NOTE:  When making this reagent for use with the maxi-distillation system the 

40 g of sulfamic are diluted to one liter with DI water 

 

8. Phenolphthalein solution:  Commercially prepared. 

 

9. Lead Acetate Test Paper:  Commercially prepared. 

 

10. Acetate  Buffer Solution, pH 4.0:  Dissolve 146g anhydrous NaC2H3O2, or 243 g 

NaC2H3O2.3H2O, in 400 mL distilled water, add 480 g conc. acetic acid, and dilute to 1 L 

with chlorine-demand-free water. 

 

11.  Lead Acetate 

 

12. Powdered Lead Carbonate [Pb(CO3)2]   

 

B. Standards 

 

1. Traceability 

 

a. All reference materials must be recorded in Element and given an element 

identification number.  The record shall include date of receipt, source, purity, all 

compositional information, storage conditions and expiration date.  These 

materials/solutions are to be identified by a unique number in Element as well as on the 

container's label. 

 

b. All working standards made from reference materials shall be labeled with a unique ID 

number from Element with complete information on preparation date, concentration of 
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each compound, solvent, preparer's name, expiration date.  Reagents shall be labeled 

with date received and expiration date, if applicable.  All of the information described 

above shall also be recorded in Element.  Measurements made during standards 

preparation (e.g., from weighing operations, volume diluted to, etc.)  shall also be 

recorded on the bench sheet.  There should be no container with sample, sample 

extract, standard solution, etc. that is not correctly labeled and properly stored. 

 

 

2. Preparation 

 

a. Stock Cyanide Solution at 1000 mg/L: Commercially prepared. 

 

b. Working Standard Cyanide Solution:  Prepare fresh daily by diluting 1 mL of stock 

cyanide solution to 100 mL in a volumetric flask with using 0.25N NaOH as diluent.  

1 mL - 10 µg CN.  Record the preparation in Element. 

 

c. Performance Evaluation (PE) samples which we have analyzed and received true 

values for are used for the Laboratory Control Samples.  These PE samples are given a 

unique identifier and all information such as expiration date (typically one year from 

the date made), source, concentration and preservation are recorded in Element and the 

Element # assigned is used to label this PE sample and is used on all data to trace it 

back to its source and true concentration.  

 

VIII. CALIBRATION 

 

A. Not applicable.  See SOP-175 “POST DISTILLATION ANALYSIS OF CYANIDE BY THE 

LACHAT” for analysis.  

 

 

IX. PROCEDURE 

 

A. Pretreatment for cyanides amenable to chlorination 

 

1. Two sample aliquots are required to determine cyanides amenable to chlorination.  Place 

one 25 mL aliquot or a volume diluted to 25 mL, in a 100 mL beaker, under the hood, add 

a stirring bar, and place on a magnetic stirrer, and start stirring bar turning. 

 

2. Check pH and adjust to between 11 and 12 units, with 1.25N NaOH.  Use NaOH pellets if 

solution is highly buffered. 

 

3. Add sodium hypochlorite chlorine bleach (Chlorox) solution dropwise until a drop of well-

mixed sample turns KI starch paper a distinct blue color.  Add about 10 drops excess 

bleach.  (Caution:  the initial reaction product of alkaline chlorination is the very toxic gas 

cyanogen chloride.)  Maintain this excess for one hour, continuing agitation.  Check 

periodically during the hour (15 minute intervals) to make sure an excess is maintained.  If 

necessary, add additional hypochlorite bleach solution.  Also check the pH and adjust back 

up to 11 to 12 units if necessary. 
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4. After one hour, add 0.025 g portions of ascorbic acid until KI starch paper shows no 

residual chlorine.  Add an additional 0.025 g of ascorbic acid to ensure the presence of 

excess reducing agent. 

 

5. Turn off stirring plate and remove stirring bar.  Proceed with distillation as in the 

procedure. 

 

6. Test for total cyanide in both the chlorinated and unchlorinated aliquots.  (The difference of 

total cyanide in the chlorinated and unchlorinated aliquots is the cyanide amenable to 

chlorination.) 

 

B. Spikes and high and low check standards 

 

1. Spikes:  Matrix spikes are prepared by diluting 2.5 mL of the  High DCV solution in #3 

below, to 25 mL with sample (adding 22.5 mL of sample and 2.5 mL of DCV high to the 

distillation tube).  The concentration of this spike is 0.10 mg/L.  

 

2. Low Distilled Check standard (low DCV).  Dilute 2.0 mL of the 10 mg/L working 

standard to 100 mLs in a volumetric flask.  Then dilute 6.0 mLs of this solution to 25 mLs 

with 0.25N NaOH, to make a 0.048 mg/L standard. 

 

3. High Distilled Check standard (high DCV).  Dilute 10 mLs of the 10 mg/L working 

standard to 100 mLs in a volumetric flask with DI water.  Then dilute 5 mLs of this 

solution to 25 mLs with 0.25N NaOH,  to make a 0.20 mg/L standard. 

 

C. Distillation 

 

1. For Waters:  Place 25 mL of sample, or an aliquot diluted to 25 mL, in a sample tube.  0.25 

N NaOH must be used for all sample dilutions following the distillation. 

 

2. For Soils or Sludges:   

 

a.) It is extremely important that waste (when appropriate), soil and sediment samples be 

mixed thoroughly to ensure that the sample is as representative as possible of the 

sample media.  The most common method of mixing is referred to as quartering.  The 

quartering procedure should be performed as follows: 

 

• The material in the sample pan(inorganic-plastic/organic-aluminum)  should be 

divided into quarters and each quarter should be mixed individually. 

• Two quarters should then be mixed to form halves. 

• The two halves should be mixed to form a homogenous matrix. 

                  

This procedure should be repeated several times until the sample is adequately mixed. 

 

NOTE:  Samples that are clay type materials should be handled in a different 

manner.  Due to these type sample matrices having an affinity to stick to most 

anything that touches it, another approach must be followed.  Obtain a 
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representative sub-sample aliquot from the center or middle section of the sample 

container. 

 

b.) Accurately weigh a representative 1-g minimum (record actual weight) portion of wet-

weight sample (unless there are project-specific requirements where a lower detection 

limit is required) and transfer it to a sample tube.  Add 25 mL of 0.25 N NaOH.  Shake 

or stir the sample so that it is dispersed. 

 

3. Add one drop of Phenolphthalein solution  to verify preservation.  A positive test is 

indicated by a bright pink color.  If not add a small amount of NaOH.  

 

4. To test for sulfide, place a drop of sample on lead acetate paper, previously moistened with 

acetic acid buffer solution (pH 4).  A positive test is indicated by a black color on the 

paper.    

 

a.) If positive the sample will need to be filtered through 934AH filter paper. (4.5cm size)  

The filtrate will be treated and the filter added back to the treated filtrate before 

distillation. 

 

b.) Treat filtrate with powdered lead carbonate [Pb(CO3)2].  Repeat test until a drop of 

treated sample no longer darkens the acidified lead acetate test paper. 

 

c.) Filter the resulting precipitate (should form a lead sulfide which will be black in 

appearance). 

 

d.) Once the filtrate is treated and filtered, the filter with the original solids from the 

pretreated sample will be added back to the treated filtrate and then distilled. 

 

5. Add 25 mL of sodium hydroxide solution 0.25N to the absorber and assemble the 

apparatus as shown in Fig. 1. 

 

6. Start a slow stream of air entering the boiling flask by adjusting the vacuum source.  Adjust 

the vacuum such that air bubbles from the thistle tube in the flask at a rate of 3 to 5 per 

second. 

 

Note: The bubble rate will not remain constant after the reagents have been added and 

while heat is being applied to the flask.  It may be necessary to readjust the air 

rate occasionally to prevent the solution in the sample tube from boiling and 

spewing out  through the thistle tube. 

 

7. Turn on condenser water. 

 

8. Add 0.5 mLs of sulfamic acid through the thistle tube. 

 

9. Slowly add 2 mL 1:1 H2SO4 through the thistle tube. 

 

10. Add 2 mL 2.5 M MgCl2 through the thistle and rinse it down with deionized water. 
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11. Reflux at 100°C for 90 minutes, turn off heat, allow to cool with pump on for 15 minutes. 

 

12. Disconnect absorber and transfer the solution from the absorber into a storage container. 

 

14. Record distillation information in the distillation log.  Include date, analyst, sample 

number, client, matrix, position, sample mass / volume, distillation time, cool down time, 

when transferred to analyst, when analyzed. 

 

X. CALCULATIONS 

 

A. Sample volumes / masses must be recorded accurately in the distillation log to allow the 

analyst to correctly calculate the final concentration of cyanide correctly. 

 

XI. DISTILLATION GLASSWARE CLEANING & LABELING  

 

A. The distillation glassware is cleaned thoroughly with hot soapy water between distillations. 1:1 

HCl is aerated through the frits on the block to ensure that the frits are clean.  Deionized water 

is forced up through the glassware to rinse it.  The cold fingers are dipped in mild acid, rinsed 

and wiped off.  

 

B. All glassware must be labeled and each position’s label must be recorded in the distillation log 

with the sample that was distilled in that particular vessel. 

 

C. When sample concentrations are at or exceed 1000 mg/L a deionized water blank must be 

distilled in the exact glassware used for that sample before processing any other client’s 

sample to ensure that the glassware is cleaned and has no residual cyanide to carryover. 

 

XII. QUALITY CONTROL 

 

A. With each distillation batch of samples (maximum of 20 samples) a preparation blank (BLK) 

must be distilled.   

 

B. Each distillation batch of aqueous samples requires a laboratory control sample (BS) each 

day or per 20 samples whichever is more frequent.  Under CLP the BS serves as the 

distilled ICV.   

 

C. With each distillation batch of soil samples a soil BS (boiling chips are used) each day or per 

20 samples whichever is more frequent.   

 

D. A high and low check standard ( DCV/ICV) must be distilled each day or per 20 samples 

whichever is more frequent.  A non-distilled check standard must be prepared daily.  This will 

be used to verify the preparation of the DCV if the DCV results are outside the specification 

limits. Under CLP the aqueous BS serves as the ICV. 

 

E. A sample spike (MS) and sample spike duplicate (MSD) are performed with each set of twenty 

samples.  CLP requires 1 duplicate and 1 spike per batch.  All QC samples should be taken 

through the whole procedure including distillation.  Spikes are added to the boiling flask in the 

same manner as standards adding 25 mL of samples or a dilution as used for the unspiked 
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sample.  Spike concentration is listed in the method.  The addition of the spiking solution must 

be witnessed and such must be noted in the digestion log.   

 

XIII. CORRECTIVE ACTION 

 

A. If any problems, such as low or high recovery for check standards or BSs occur, contact the 

Group Leader.  Problems most frequently encountered (for the distillation procedure) are listed 

below. 

 

B. Recoveries are affected in various ways. 

 

1. If the spiking solution is not prepared properly (e.g., making the proper dilutions), the 

check standard will be out of control.  Caution should be used in calculating the dilution 

and performing the pipetting. 

 

2. Also, the air flow from the vacuum pumps can cause low recovery.  Pay attention to the air 

flow (it should be in the area of 1 to 2 bubbles per second).  If it is too great the HCN does 

not have an adequate amount of time to be absorbed by the NaOH solution. 

 

3. If the heating block is not heating properly, this will also lead to low recovery.  During the 

distillation, periodically check the sample tubes for the presence of heat (tubes should be 

very hot to the touch). 

 

4. The addition of all reagents, including the spiking solution, is essential.  Without the 

MgCl2, 1:1 H2SO4, or spiking solution, the percent recovery will suffer greatly for 

complex cyanide.  The recovery of simple cyanides will usually be unaffected. 

 

5. If the volume of 0.25 N NaOH and reagent water is not accurate in the NaOH absorber 

tubes, low recoveries will usually occur.   

 

B. Spike recoveries are affected in similar ways.  Refer to the above suggestions.  Also, if 

possible, do not spike a sample that is known to be high in cyanide.  This may cause recovery 

and calculation problems. 

 

XIV. WASTE DISPOSAL and POLLUTION PREVENTION 

 

Please see Waste Disposal SOP-405, for instruction of proper disposal of waste generated from 

this area. Quantity of chemicals purchased should be based on expected usage during its shelf-life 

and the disposal cost of unused material. Actual reagent preparation volumes should reflect 

anticipated usage and reagent stability. 
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Addendum for USEPA CLPILM 05.2 AQUEOUS &SOIL/SEDIMENT 

 

The following is a list of changes for sample preparation when the 5.2 statement of work is required: 

 

1. The ICV shall be distilled. 

 

2. Boiling chips are to be added to each sample. Midi-Distillation is reflux 1.5 hours then the heat and 

vacuum is turned off and the samples cool an additional 15 minutes. 

 

3. The QC criteria for both the Distillation  Check QC  and the distilled ICV is ±15%. 

 

4. A CRI is required at the beginning and end of each run and for every 20 samples.  The QC criteria for 

the CRI is ±30%. 

 

5. Rounding rule for the appropriate level of precision is that the figure following those to be retained is 

> 5, round up: otherwise round down. (examples: 1.5 and 2.5 would be 2 and 3 respectively rounded 

up; 1.4 and 2.4 would be 1 and 2 respectively rounded down)  Please see Exhibit B, Section 3, ( 

3.3.9.1) of SOW ILM0 5.2 for more guidance on rounding significant figures. 

 
 

XV. DEFINITIONS 

 

See SOP-431 for a list of definitions 
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Changes Summary 
 

Revision 11, 09/07/10 

• The SOP is an update from Revision 10 dated 12/15/09 

• The SOP is formatted to include all 22-elements required per the NELAC standards 

• The laboratory’s revision of all technical SOPs now includes a Table of Contents that 

provides the map of the technical information contained within the SOP. 

• Additional requirements, based upon the DoD QSM 4.1, have been integrated into the 

routine sample flow; however, if the requirement is different from routine sample flow, 

then the requirement is outlined and documented as such to be followed only when DoD 

samples are analyzed. 
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1.0 Identification of the Test Method 
1.1 This SOP is compliant with EPA method 335.4 and SW9012A/B. 

 

2.0 Applicable Matrix or Matrices 
2.1 This SOP is applicable to the determination of Cyanide in Aqueous and Soil / 

Sediment matrices. 

 

3.0 Detection Limit 
3.1 All limits reported for various programs are listed in Table 1 of this SOP. 

 

4.0 Scope of Application, Including Components to Be Analyzed 
4.1 Each parameter that is analyzed and reported under the scope of this SOP is listed in 

Table 1 of this SOP.  This table also lists the associated Reporting Limit (also 

defined as the LOD) and the lowest Calibration level for each analyte.   

 

5.0 Summary of the Test Method 
5.1 Cyanide from alkaline distillates is converted to cyanogen chloride, CNCl, by 

reaction with chloramine-T at pH lower than 8.  The CNCl then forms a red-blue 

dye by reacting with pyridine-barbituric acid reagent.  The color is read at 570 nm. 

 

6.0 Definitions 
6.1 Laboratory Quality System SOP QS08 “Technical / Operational Definitions, 

Minimum Essential Quality Control Elements, and Laboratory Calibration 

Procedures” provides information on the commonly used definitions.   

 

7.0 Interferences 
7.1 For total cyanide, most interferences are eliminated or minimized by the distillation 

procedure.  Sulfides are removed by treatment with lead acetate or powdered lead 

carbonate. See Empirical Laboratories Method SOP-164 for distillation procedure. 

 

Note:  method 9012A/B says that sulfides “should” be treated with bismuth nitrate.  

Empirical Laboratories attempted to use that procedure and found that bismuth nitrate 

also removes cyanide from standard solutions as well.  This sulfide treatment is not used.  

See Empirical Laboratories Method SOP-164 for distillation procedure. 

 

8.0 Safety 
8.1 Laboratory SOP QS13 “Safety Program & Chemical Hygiene Plan” discusses the 

safety program that is to be followed labwide. 

 

9.0 Equipment & Supplies 
9.1 Lachat Quick Chem AE Automated Ion Analyzer 

9.2 Cyanide manifold (Lachat) 

9.3 Instrument Information 

 

Analyst should confirm the following: 

 

 A. Timing: 

 

  Sample throughput:  80 samples/h; 40 s/sample 

  Pump speed:               35 RPM 
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  Cycle Period:   45 s 

  Inject to start of peak period: 28 s 

  Inject to end of peak period:  61 s 

 

 B. QuikChem AE Settings: 

 

  1) Parameter, Data Window: 

 

   Top Scale Response:    0.50 abs 

   Bottom Scale Response:  0.00 abs 

 

  2) Segment/Boundaries 

 

  A - 0.50 mg CN/L 

  F -  0 mg CN/L 

 

  3) Results/Approval, Reports 

 

  In the default Report definition file (RDF), change:  

  -Set Default Chord 0 to 

  -Set Default Chord 3 

  (Peak should be centered in chord 3) 

  This change must be made to both the sample and the calibration RDF's. 

 

 C. System Notes: 

 

1.  Allow enough time for heating unit to warm¬ up to 60°C with D.I. water 

pumping through all reagent lines at full speed.  (approximately 30 min.) 
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10.0 Reagents and Standards 
10.1 The laboratory’s LIMS system allows for complete documentation and for the 

traceability of reagents and standards used within the laboratory.  The following 

information relates to the specific reagents and standards used for the performance 

of the method: 

 

Reagent grade chemicals shall be used in all tests.  All reagents shall conform to the 

specifications of the Committee on Analytical Reagents of the American Chemical 

Society, where such specifications are available.  Other grades may be used, provided it 

is first ascertained that the reagent is of sufficiently high purity to permit its use without 

lessening the accuracy of the determination.  Certified stock standards are purchased 

from Restek, Protocol, Ultra and other vendors depending on their availability.  The date 

they are received is noted on the label or container they are received in and in the LIMS 

system. The date the standards are opened they are recorded and given a sequential 

number in the LIMS system. All stock standards are stored at 4 ° C. 

 

10.2 Use deionized water (<10 megaohm) for all solutions. 
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10.3 Reagent 1.  Carrier, 0.25 M Sodium Hydroxide:  In a 1L vol. flask add 200 mL 

of 1.25N NaOH (which is used in the SOP 164 distillation method) to 

approximately 600 mL of D.I. water.   Dilute to l L, invert to mix.  This will ensure 

that the concentration of the NaOH used for the distillates will be the same 

concentration used for the carrier solution. 

10.4 Reagent 2.  Phosphate Buffer, 0.71 M:  In a 1 L volumetric flask, dissolve 97 g 

anhydrous potassium dihydrogen phosphate (potassium phosphate, monobasic, 

anhydrous, KH2PO4) in approximately 800 mL water.  Dilute to the mark and 

invert to mix.  Prepare fresh monthly. 

10.5 Reagent 3.  Chloramine-T Hydrate:  To a 500 mL volumetric flask add about 250 

mL water, then add 2.0 g chloramine-T [CH3C6H4SO2N(Cl)Na x H2O].  Dilute to 

the mark and invert to mix.  Prepare fresh daily.  The shelf life of the chloramine-T 

can be a critical factor in the Lachat run.  New Chloramine-T should be ordered 

every 6 months.  (Analyst discretion should be used). 

10.6 Reagent 4.  Pyridine-Barbituric Acid Reagent:  In the fume hood, place 15.0 g 

barbituric acid in a 1 L beaker and add 100.0 mL water, rinsing down the sides of 

the beaker to wet the barbituric acid.  Add 75 mL pyridine (C5H5N) with stirring 

and mix until the barbituric acid dissolves.  Add 15 mL concentrated hydrochloric 

acid (12 M HCl) and mix.  Transfer to a 1 L volumetric flask, dilute to the mark, 

and invert to mix.  This reagent is stable for approximately six months if stored in a 

cool, dark place. 

 

11.0 Sample Collection, Preservation, Shipment, and Storage 
11.1 Quality Systems SOP QS10 related to Sample Receipt, Handling, & Processing 

provides details for collection, preservation, shipment, and storage. 

11.2 The color reaction is pH sensitive.  Therefore, distillates and standards should be 

carefully matched with respect to NaOH concentration.   

11.3 The distillates are 0.25 N NaOH. 

 

12.0 Quality Control 
12.1 Quality Systems SOP QS08 “Technical / Operational Definitions, Minimum 

Essential Quality Control Elements, and Laboratory Calibration Procedures” 

outlines details related to laboratory wide protocols on quality control. 

12.2 An initial demonstration must be performed by each analyst performing this 

method. Four LCSs are analyzed at 0.10ug/L. See Table 2 for acceptance criteria. 

12.3 QA/QC, distilled: 

12.3.1 PB (preparation blank):   

25 mL of DI water is distilled.  When brought up to 25 mL volume following the 

distillation process a 0.25 M NaOH solution is obtained.  A blank is distilled 

every batch of samples.  If the absolute value of the PBW is not below the CRDL 

or the RL or ½ the CRDL for Navy Projects the analyst's supervisor should be 

consulted before proceeding. 

 

12.3.2 DCV (distilled calibration verification)/ICV (distilled/CLP) 

 

a.  The DCV high and low are check standards generally of a concentration of 

about 0.200 mg/L for the high and 0.050 mg/L for the low.  A DCV high 

and low are distilled with every batch of distilled samples.  There is a 

maximum of 20 samples in a batch.  If the DCV is not within +15 % of the 
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undistilled value the analyst's supervisor should be consulted before 

proceeding.   A NCR will be required if the limit is exceeded. 

b. CLP requires the ICV to be distilled and from a second source.  Must be 

analyzed immediately after calibration.  Since the matrix for the soil LCS is 

Teflon chips the LCS serves as a distilled ICV.  The control limit is + 15%. 

 

12.3.3 Blank Spike ( BS or laboratory control sample) 

The laboratory control sample is a second source check on the calibration 

and must be run once every 20 aqueous samples.  The control limits are 80 

to 120%.  If the BS is not within control limits the analyst's supervisor 

should be consulted before proceeding.  This sample is given a unique 

identifier in the distillation log. 

 

12.3.4 BS ( BS or laboratory control sample-soil) 

 

The LCSS is a second source check with a soil matrix (Teflon chips are used for 

this purpose) and must be run once every 20 solid phase samples.  If the BS is not 

within control limits the analyst's supervisor should be consulted before 

proceeding.  This sample is given a unique identifier in Element. 

 

12.3.5 MS/MSD (matrix spike/matrix spike duplicate) 

 

A spike and spike duplicate (CLP requires 1 duplicate and 1 matrix spike) are 

done with each batch or 20 samples.  The spike concentration is 0.10 mg/L. The 

analyst's supervisor should be consulted before proceeding if the percent recovery 

for the MS or MSD is not within ±20 percent of the spike concentration,. 

 

12.3.6 Documentation of Capability (DOC) - Each analyst must perform a DOC 

to demonstrate proficiency with this method. Refer to SOP QS05 for 

guidance. 

 

12.4 QA/QC, undistilled: 

12.4.1 ICV (initial calibration verification) 

 

The ICV is an undistilled  second source check standard  (except when analyzing 

by CLP methods and then the ICV is distilled) made from a second source 

working standard solution.  The concentration is usually around the midpoint of 

the calibration curve (about 0.500 mg/L).  The ICV is analyzed at the beginning 

of each Lachat run.  The analyst's supervisor should be consulted before 

proceeding, if the ICV is not within ±10 percent of its true value.  This calibration 

verification standard must be prepared fresh daily. 

 

12.4.2 ICB (initial calibration blank) 

 

The ICB is 0.25 M NaOH solution and follows the ICV at the beginning of each 

Lachat run.  If the absolute value of the ICB is not <± 2x MDL or < + CRDL or ½ 

the RL for Navy Projects, the analyst's supervisor should be consulted before 

proceeding. 
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12.4.3 CCV (continuing calibration verification) from primary std. that curve is 

made from. 

 

The CCV will be analyzed after every 10 samples and at the end of the tray.  The 

sampling of the CCV's will be done automatically by the Lachat if it is included in 

the tray definition.  The CCV scheduling can be done under the Data Quality 

Management option in the Tray Definition screen.  If the CCV is not within +10 

percent of its true value a CHK STD failure signal will be given by the Lachat and 

the analyst's supervisor should be consulted before proceeding. 

 

12.4.4 CCB (continuing calibration blank) 

 

This sample verifies the instrumental baseline and must be analyzed immediately 

after every ICV/CCV.  If the absolute value of the ICB/CCB is not below the 

LOD the analyst's supervisor should be consulted before proceeding. 

 

12.5 Calibration Approval: 

12.5.1 For a cyanide calibration to be approved, segment (A-F) of the curve must 

have a correlation of at least 0.995 in chord 3. 

12.5.2 Method Detection Limit (MDL), Empirical Laboratories Reporting Limit 

(ERL), Contract  Required Quantitation Limit (CRQL) and Analyte 

Wavelength: (MDLS are performed annually to meet specific state 

requirements or whenever a change in the method is made.) 

 

13.0 Calibration and Standardization 
13.1 Quality Systems SOP QS08 “Technical / Operational Definitions, Minimum 

Essential Quality Control Elements, and Laboratory Calibration Procedures” related 

to Calibration Procedures provides laboratory wide protocols for calibration and 

standardization. 

13.2 Traceability:  All reference materials must be assigned Element # and labeled 

accordingly.  The record shall include date of receipt, source, purity, all 

compositional information, storage conditions and expiration date.  These 

materials/solutions are to be identified by a unique number in the LIMS as well as 

on the container's label.  All working standards made from reference materials shall 

be labeled with a unique ID number with complete information on preparation date, 

concentration of each compound, solvent, preparer's name and expiration date.  

Reagents shall be labeled with date received and expiration date, if applicable.  All 

of the information described above shall also be recorded in Element.  

Measurements made during standards preparation (e.g., from weighing operations, 

volume diluted to, etc.)  shall also be recorded in the batch sheet in Element.  There 

should be no container with sample, sample extract, standard solution, etc. that is 

not correctly labeled and properly stored. 

 

13.3 Standard 1.   

 

1000 mg CN/L [~1,000 mg CN-/L (Stock)]:  The Stock Standard is purchased from 

a vendor. CAUTION: KCN is highly toxic.  Avoid contact with standard solutions. 

Use gloves and protective equipment when handling standards and samples.  This 

solution is given a unique identifier.  Record preparation in Element and label 

standards with appropriate Element #’s. 
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13.4 Standard 2.  Working Standard (10.0 mg CN/L) 

 

Pipette 2.00 mL Standard 1 into a 200 mL volumetric flask.  Dilute to the mark with 

Reagent 1, 0.25 M Sodium Hydroxide.  Invert to mix. 

 

13.5 Set of six calibration Standards: 

 

 10 mL of 10 mg/L diluted to 100 mL = 1.0 mg/L std 

 5.0 mL of 10 mg/L diluted to 100 mL = 0.500 mg/L std 

 2.0  mL of 10 mg/L std diluted to 100 mL = 0.200 mg/L std 

 1.0  mL of 10 mg/L std diluted to 100 mL = 0.100 mg/L std 

 4 mL of  0.500 mg/L std diluted to 100 mL = 0.020 mg/L std 

 2 mL of  0.500 mg/L std diluted to 100 mL = 0.010 mg/L std 

 Blank consists of 0.25 M NaOH 

 10 mL of 10.0 mg/L std diluted to 200 mL = 0.500 mg/L chk std 

 

13.6 The diluent for all standards is 0.25 M NaOH. 

 

 

14.0 Procedure 
14.1 The samples for analysis come directly from the midi scale distillation procedure. 

14.2 See “Equipment and Supplies” for how to set up the manifold for use for cyanide 

analysis.   

14.3 Be sure to read through all components of this SOP for procedural instructions.   

 

 

14.4  

ANALYTE WAVELENGTH 

Cyanide 570.0 
 

 

Addendum for USEPA CLPILM 05.2 AQUEOUS &SOIL/SEDIMENT 

 

The following is a list of changes for sample preparation when the 5.2 statement of work 

is required: 

 

1. The ICV shall be distilled. 

 

2. Boiling chips are to be added to each sample. Midi-Distillation is reflux 1.5 hours 

then the heat and vacuum is turned off and the samples cool an additional 15 minutes. 

 

3. The QC criteria for both the Distillation  Check QC  and the distilled ICV is ±15%. 

 

4. A CRI is required at the beginning and end of each run and for every 20 samples.  

The QC criteria for the CRI is ±30%. 
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5. Rounding rule for the appropriate level of precision is that the figure following those 

to be retained is > 5, round up: otherwise round down. (examples: 1.5 and 2.5 would 

be 2 and 3 respectively rounded up; 1.4 and 2.4 would be 1 and 2 respectively 

rounded down)  Please see Exhibit B, Section 3, ( 3.3.9.1) of SOW ILM0 5.2 for 

more guidance on rounding significant figures. 

 

15.0 Data Analysis and Calculations 
15.1 Quality Systems SOP QS09 “General and Commonly used Laboratory 

Calculations” provides details on general calculations used throughout the 

laboratory. 

15.2 Aqueous Samples:  The Lachat reports the concentration of the final distillate in 

mg/L.  The method detection limit (MDL) is 0.005 mg/L and the reporting limit 

(RL) is 0.010 mg/L. 

15.3 Solid Samples:  The Lachat reports the concentration of the final distillate in mg/L.  

Results for solid samples should be in mg/kg and can be obtained by entering the 

appropriate dilution factor when defining the tray.  Conversion from mg/L to mg/kg 

can be accounted for by the following formula:   

 

 
 

 

From this formula a dilution factor can be obtained.  For example if 2 grams of soil 

were used then this would be a x 250 dilution.  When the x 0.50 correction factor is 

included a final manual dilution factor of x 125 is obtained.   

 

N would be the value obtained from the Lachat without a correction factor.  The 

minimum value for N is 0.01 mg/L soln. 

 

15.4 Data reporting 

 

1.  Reduce data to the result which will be reported. 

2.  Complete the data review checklist ( attached ).  This must be completed and 

attached to each set of USACE data. 

 

 

16.0 Method Performance 
16.1 Demonstration of Capability (DOC):  Each analyst must perform a DOC prior to 

reporting data.  The analyst must prepare (for prep technicians) and analyze 

(analysts reviewing and reporting data) 4-LCS samples.  The data is calculated for 

accuracy and precision requirements.  The DOC form, as listed within section 2.5 of 

the Quality is completed by each analyst and then provided to the supervisor for 

further processing and approval.  See Table 2 for acceptance criteria.  When 

analyzing DOCs for DOD QSM Version 4.1, DOD limits will be used. 
16.2 The IDOC is analyzed at 4 times the LOQ or 0.080 mg/L for waters and 3.0 mg/kg.  

All standard results should be in the range of 80 to 120%.  The continuing DOC is 

four LCS’s analyzed and a completed precision and accuracy sheet with all LCS 

within the control limits of 80 to 120%. 
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16.3 LOD/LOQ are analyzed quarterly and an MDL study is performed annually for 

specific state requirements.  The LOD must be three times the noise and is analyzed 

at 0.010 mg/L for waters and 0.25 mg/kg for soils.  The LOQ must be in the range 

of 50 to 150% and is analyzed at a concentration of 0.020 mg/L for waters and 0.75 

mg/kg for soils.   

 

17.0 Pollution Prevention 
17.1 Quantity of chemicals purchased should be based on expected usage during its 

shelf-life and the disposal cost of unused material. Actual reagent preparation 

volumes should reflect anticipated usage and reagent stability. 

 

18.0 Data Assessment and Acceptance Criteria for Quality Control Measures 
18.1 Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  

Laboratory Non-Conformance / Corrective Action Procedures, Decision Making 

Guidelines for Evaluating Laboratory Analytical Sample and Quality Control 

Results”, provides details on data assessment and acceptance criteria for Quality 

Control Measures.  Table 2 of this SOP provides information on QC samples, 

frequency, and the associated criteria specific to the performance of this method. 

 

18.2 Instrument Related 
 

1. ICV not within + 10% 

 

a. If the problem is with the solution. 

 

i. Re-prepare, obtain new stock if necessary. 

 

b. If the problem is with the calibration. 

 

i. Recalibrate thru analysis of appropriate standards and recheck ICV. 

 

2. CCV not within + 10% 

 

a. If the problem is with the solution. 

 

i. Re-prepare, obtain new stock if necessary. 

 

b. If the problem is with the calibration. 

 

i. Recalibrate thru analysis of appropriate standards and re-prepare/reanalyze the 

previous ten sample according the following guidelines. 

 

a. If the CCV was biased high, any of the previous ten samples which were 

BMDL do not require reanalysis. 

 

b. If the CCV was biased low, the previous ten samples must be re-analysed. 

 

3. Ending CCB not + RL or CRDL or ½ the CRDL for Navy Projects 

a. If the CCB is biased high. 

 

i. Any samples BDL or greater than 10X the CCB bias need not be reanalyzed. 
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ii. Any samples above the detection limit but less than 10X the CCB level must be 

reanalyzed after the problem is corrected. 

 

b. If the CCB is biased low. 

 

i. Any samples greater than 10X the absolute CCB bias need not be reanalyzed. 

ii. All other samples must be reanalyzed after the problem is corrected. 

 

 
18.4 Distillation Related 
 

1. The preparation blank is not less than the + RL or CRDL or ½ the CRDL for Navy 

Projects. 

 

a. If the problem with the instrument. 

 

i. Analyze a CCB to determine this. 

ii. If the problem was with the instrument correct the situation and reanalyze the 

preparation blank. 

 

b. If the problem is with the distillation. 

 

i. All associated samples which are <MDL or have a level of cyanide greater than 

10X the level found in the preparation blank can be reported.  If the level of 

cyanide in an associated sample is not <MDL nor greater than 10X the level 

found in the preparation blank, the sample must be redistilled/reanalyzed or 

reported as qualified.  The project manager or QA manager will make this 

determination. 

 

2. LCS not within control limits ( +20% ). 

 

a. If the problem is with the instrument. 

 

i. Reanalyze when instrument is in control. 

 

b. If the problem is with the distillation. 

 

i. If biased low, associated samples must be redistilled. 

ii. If biased high, the impact upon the data user must be evaluated.  The samples 

will be redistilled or the data will be qualified on the final report. 

 

3. Distilled check standard not within control limits of +15%. 

 

a. If the problem is with the instrument. 

 

i. Reanalyze when instrument is in control. 

 

b. If the problem is with the distillation. 

 

i. If biased low, associated samples must be redistilled. 

ii. If biased high, the impact upon the data user must be evaluated.  The samples 

will be redistilled or the data will be qualified on the final report. 

 

18.5 SAMPLE MATRIX RELATED 
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1. Replicate analysis RPD not within +20% 

 

i. The associated sample data must be qualified on the final report. 

 

2. Spike analysis recovery not within +20% 

 

i. If the analyte level in the sample is greater than 4X the spiking level, the %recovery 

can not be evaluated and no action is taken. 

 

ii. If the analyte level in the sample is not greater than 4X the spiking level, the 

associated sample data must be qualified on the  

final report. 

 

19.0 Contingencies for Handling out-of-control or unacceptable data 
19.1 Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  

Laboratory Non-Conformance / Corrective Action Procedures, Decision Making 

Guidelines for Evaluating Laboratory Analytical Sample and Quality Control 

Results”, provides details on handling out of control data.  Table 2 within this SOP 

also lists corrective actions associated with the failure of the various QC samples 

employed for the performance of this method. 

 

20.0 Waste Management 
20.1 Laboratory SOP QS14 on Waste Handling discusses general guidelines for the 

appropriate handling of wastes and the laboratory program on waste management. 

 

21.0 References 
21.1 Lachat manual; Quick Chem method 10-204-00-1-A. 

21.2 U.S. Environmental Protection Agency, Methods for Chemical Analysis of Water 

and Wastes, EPA-600/4-79-020, Revised March 1983, Method 335.4. 

21.3 Standard Methods for the Examination of Water and Wastewater, 21st Edition, 

APHA-AWWA-WCPC, Park 413D, pp. 370-372. 

21.4 SW-846, 9012A, Revision 1, December 1996. 

21.5 SW-846, 9012B, Revision 2, November 2004. 

21.6 U.S. Environmental Protection Agency, C.L.P. S.O.W. ILMO 4.1. 

21.7 QuickChem AE, Automated Ion Analyzer Training Manual, Lachat Instruments. 

21.8 QuickChem AE, Automated Ion Analyzer Software Reference Manual, Lachat 

Instruments. 

 

22.0 Tables, Diagrams, Flowcharts and Validation Data 
22.1 Table 1, all applicable parameters, with the applicable RL and lowest calibration 

standard. 

22.2 Table 2, for all technical methods, should always be the QA/QC summary table and 

I am including a format for this at the end. 

22.3 Table 3, Technical Completeness / Accuracy Checklist 

22.4 Table 4, Data Reviewers Checklist 

22.5 Validation data would be actual documentation (eg: a pdf email from a regulator 

explaining the approach to a method, etc.) or a side by side study performed to 

reach to our approach on how we handle the method. 
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Table 1 

Aqueous and Soil Method Detection Limits(MDL), Empirical Laboratories Reporting Limits(ERL), 

CLP OLM04.1 & OLM05.2 Contract Required  Quantitation Limits (CRQL) 

Analytes 

by EPA 

335.1, 

335.3, 

9012A/B 

, 

SOW 4.1 

& 5.2 

AQUEOUS 

MDL(ug/L) 

AQUEOUS 

ERL(ug/L) 

And 

lowest 

calibration 

standard 

AQUEOUS 

CRQL  

ILMO 4.1 

(ug/L) 

AQUEOUS 

CRQL  

ILMO 5.2 

(ug/L) 

SOLID/SOIL 

MDL 

(mg/Kg) 

SOLID/SOIL 

ERL 

(mg/kg) 

And lowest 

calibration 

standard 

SOLID/SOIL 
CRQL 

 ILMO 4.1  

(mg/Kg) 

   

SOLID/SOIL 

CRQL 

 ILMO 5.2 

 (mg/Kg) 

Cyanide 5.0 10 10 10 0.125 0.25 0.25 0.25 
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Table 2 - Method Quality Control Requirements Summary 

QC Check Minimum Frequency / 

Requirements 

Acceptance Criteria Corrective Action for Failures / 

Data Useability 
Calibration Curve • Prior to analyzing any samples 

• A minimum of 5-points for linear fits 

• Low standard at the RL/LOD level 

• For Linear fits a RF of 0.995 

• Average RSD < 20%  

• Must follow curve processing 

requirements from SOP QS08 

 

• Re-evaluate curve mix and makeup 

• Re-run curve 

• Check instrument for maintenance needs 

• Re-prep the curve standards 

 

Samples cannot be analyzed until there is a 

passing calibration 

ICV Alternate source standard to be analyzed 

after every calibration curve 

Must meet 85 to 115% • Re-analyze an ICV from a different 

source 

• Re-prep and re-analyze the ICV 

• Re-calibrate and verify standard preps 

and sources 

CCV • At the beginning of every sequence 

• For every 10-client samples 

 

• ± 10% difference  • Follow guidelines for SOP QS05 

Closing CCV • At the end of every sequence • ± 10% difference  • Follow guidelines for SOP QS05 

BLK/CCB One per prep batch/ after every CCV • Must be less than ½ RL/Must be less than 

the LOD 

• Re-analysis to confirm the positive value 

• Ascertain if there are any samples within 

the batch that meet the MB criteria and 

provide the information for the decision 

makers 

• If results are between the LOD or 

RL/LOQ, then assess the data and notify 

the PM for further action 

• Re-prep of samples associated with the 

MB 

• NCR will be required for data reported 

• Final Report data flagging will be 

required 

BS One per prep batch • ±20% difference 

 

• Follow guidelines from SOP QS05 

BSD One per prep batch, when MS/MSD not 

included. 
• ±20% difference 

 

• Follow guidelines from SOP QS05 
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Table 2 - Method Quality Control Requirements Summary 

QC Check Minimum Frequency / 

Requirements 

Acceptance Criteria Corrective Action for Failures / 

Data Useability 
MS One per prep batch, if sample volume 

available. 
• ±20% difference • Follow guidelines from SOP QS05 

MSD One per prep batch, if sample volume 

available. 
• ±20% difference • Follow guidelines from SOP QS05 

DOC Study • Initially per analyst prior to reporting 

data 

• Annually 

• Follow specific guidelines from 

section 16 for the preparation and 

analysis of DOC samples  

• Average percent recovery should be 

between 80-120%, with a 20% standard 

deviation. 

• Re-prep and / or re-analysis 

 

MDL Study Once per year for specific state 

requirements 
• Calculated value must be greater than   

10% of  the Spike Level 

• Calculated value must be less than the 

Spike level 

• Re-prep and / or re-analysis 

• Follow guidelines from SOP QS05 

LOD Verification Every quarter • Parameter must be detected 

• 2
nd

 column / detector confirmation is 

required 

• the response must be 3-times the noise 

level 

 

• Re-prep and / or re-analysis 

• Follow guidelines from SOP QS05 

LOQ Verification Every quarter • Bias Requirement: 

   50-150% 

 

• The LOQ value must be greater than the 

LOD value 

• Re-prep and / or re-analysis 

• Follow guidelines from SOP QS05 
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Table 3, Technical Completeness / Accuracy Checklist 
 

1. Were all the QC check elements analyzed – refer to Table 2 of the SOP 

2. Were the QC criteria met 

3. In cases of failures, was there an NCR written 

4. Were dilution factors applied correctly 

5. Was the data uploaded into LIMS via direct upload – if yes, then was a cross check subset of 

the uploaded values performed 

6. If the data was entered into LIMS manually, was a check of all entered values performed 

7. Was the red marked data in LIMS checked for accuracy and the corresponding hard copy 

data documented appropriately 

8. Were proper data qualifiers applied to the data in LIMS 

9. Was the hard copy package checked for completeness to include all data for the sequence 

such that the data reviewer could reconstruct sample analyses and validate / approve the data 

 

 

Table 4, Data Reviewers Checklist (Prior to approving data) 
 

1. Does the hard copy raw data (or electronic raw data) package look complete and include all 

data points 

2. Were QA objectives met and for failures were the appropriate actions taken 

3. For direct uploads to LIMS, did a subset cross check match the raw data 

4. Did all the manual entries into LIMS match the raw data 

5. Were there appropriate signatures and documentation on the raw data 

6. Were appropriate LIMS flags used 

7. Were manual integrations signed 

8. Were manual integrations for calibration and QC samples approved by supervisor 

9. Were manual calculations verified 
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ANALYST DATA REVIEW CHECKLIST 
 

 

Sample Number(s): 

Batch Number(s): 

Method: 9012A/B ( Cyanide ) 

 

 
 

QA/QC Item 
 

Yes 
 

No 
 

NA 
Second Level 

Review 
 
1. Were samples analyzed within USACE holding times? 

 
 

 
 

 
 

 
 

 
2. Was initial calibration curve QC criteria met? 

 
 

 
 

 
 

 
 

 
3. Was all continuing calibration criteria in control? 

 
 

 
 

 
 

 
 

 
4. Did any sample exceed the highest calibration standard? 

    

 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

 
5. Did LCS or blank spike meet control limits? 

 
 

 
 

 
 

 
 

 
6. Did MS/MSD meet control limits? 

 
 

 
 

 
 

 
 

 
7. Was the preparation (Method) Blank below the project required 
 detection limits? 

 
 

 
 

 
 

 
 

 
8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

 
9. Was distillation  temperature monitored/documented and did you 
 apply the thermometer correction factor? 

 
 

 
 

 
 

 
 

 
10. Sample preparation information is correct and complete. 

 
 

 
 

 
 

 
 

 
11. Analytical results are correct and complete. 

 
 

 
 

 
 

 
 

 
12. The appropriate SOP's have been used and followed. 

 
 

 
 

 
 

 
 

 
14. "Raw data" including all manual integration's have been correctly 
 interpreted. 

 
 

 
 

 
 

 
 

 
15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

 
16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 
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ANALYST DATA REVIEW CHECKLIST 

9012A/B ( Cyanide ) 
 

 

Comments on any "No" response: 

 

               Analyst:  Date:  

    

Second-Level Review:  Date:  
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Changes Summary 
 

Revision 20, 4/13/10 
 

• The SOP is an update from Revision 19 dated 4/11/2010 

• The SOP is formatted to simplify the text and place all method/program specifications in 

the SOP tables. 

 

Revision 19, 4/11/10 
 

• The SOP is an update from Revision 18 dated 9/16/08 

• The SOP is formatted to include all 22-elements required per the NELAC standards 

• The laboratory’s revision of all technical SOPs now includes a Table of Contents that 

provides the map of the technical information contained within the SOP. 

• Additional requirements, based upon the DOD QSM 4.1, have been integrated into the 

routine sample flow; however, if the requirement is different from routine sample flow, then 

the requirement is outlined and documented as such to be followed only when DOD 

samples are analyzed. 
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1.0 Identification of the Test Method 
This SOP is based primarily on SW-846 Methods 8000B/8000C/8270C/8270D. Methods Federal 

Register Method 625 and CLP Method for Semi-volatiles have also been used in the development of 

this SOP.  

  

2.0 Applicable Matrix or Matrices 
This SOP is used for the analysis of semi-volatile organic compounds (including low concentration 

PAHs) in a variety of matrices (soils, sediments, waters, etc.). 

 

3.0 Detection Limits – Reporting Limits  
See Table 1 

 

4.0 Scope of Application, Including Components to Be Analyzed 
4.1 Each parameter that is routinely analyzed and reported under the scope of this SOP is listed 

in the Appendix of this SOP.  This table also lists the associated Detection Limit, Limit of 

Detection and Reporting Limit (also defined as the Limit of Quanititation). 

4.2 Extreme care should be taken when working with pure standard and stock standard 

solutions of these compounds and all handling of standards should be done in a hood.  

These compounds have been classified as known or suspected human or mammalian 

carcinogens. 

 

5.0 Summary of the Test Method 
5.1 After sample preparation using the appropriate extraction technique, the sample is 

introduced into the GC/MS using direct injection.  The analytes are separated in the gas 

chromatograph by a combination of the temperature program, the pressure program and the 

capillary column.  The analytes are then detected by the mass spectrometer.  Analytes are 

identified by comparing the mass spectra of known standards with the mass spectra from the 

sample.  Analytes are quantitated relative to known standards using the internal standard 

method. 

 

6.0 Definitions –  
Laboratory Quality System SOP QS08 “Technical / Operational Definitions, Minimum 

Essential Quality Control Elements, and Laboratory Calibration Procedures” provides 

information on the commonly used definitions.   

 

7.0 Interferences 
7.1 All raw data (samples & QC) must be evaluated for interferences.  If contamination 

occurs, determine whether the source of interference is in the preparation or clean-

up of the samples and take corrective action to eliminate the problem. 

7.2 Contamination by carryover can occur when samples of high-concentration and low-

concentration are analyzed sequentially.  To reduce carryover, the sample syringe 

must be rinsed with solvent between injections.  If an unusually high sample is 

detected, a solvent blank should be analyzed for cross contamination or the 

subsequent sample should be evaluated for cross-contamination. 

 

8.0 Safety 
8.1 Laboratory SOP QS13 “Safety Program & Chemical Hygiene Plan” discusses the 

safety program that is to be followed lab-wide. 
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8.2 Care should be used in handling all samples.  Safety glasses must be worn in the lab 

at all times.  The use of gloves and lab coats is highly recommended. 

8.3 Research into expected sample content and concentration should be done in order to 

be prepared for additional safety considerations.  Generally, any samples which 

need special consideration have applicable notes on the sample logs. 

8.4 MSDS sheets are available for all reagents and standards which have been 

purchased.  These are located on the bookshelf outside the office supply storage 

room. 

 

9.0 Equipment & Supplies 
a HP 5890/6890/7890GC complete with electronic pressure control and temperature 

programmable gas chromatograph suitable for split-less injection. 

b Column: RTX-5MS (or equivalent) 30 m x 0.25 mm I.D. x 0.25 µm film thickness 

fused silica capillary column.  

c HP 5971/5973/5975 mass spectrometer capable of scanning from 35 to 500 amu 

every second or less, using 70 volts electron energy in electron impact ionization 

mode.  The mass spectrometer is capable of producing a mass spectrum for 

decafluorotriphenylphosphine, DFTPP, which meets all the tuning criteria of the 

EPA methods. 

d HP 7673/7683 autosampler capable of reproducibility from one injection to another 

proven by meeting QC and calibration criteria. 

e HP GC/MS interface that gives acceptable calibration points at 50 ng per injection 

for each compound of interest and achieves acceptable tuning performance criteria.  

f Acquisition Software: HP Chemstation system is interfaced to the GC/MS.  The 

system acquires and stores data throughout the chromatographic programs. 

g Data Processing Software:  Target DB on Windows NT server data system is 

interfaced to the HP Chemstation.  The system accepts and stores acquired data.  It 

plots by extracted ion current profile (EICP).  The system is also capable of 

integrating the abundances in any EICP between specified times or scan-number 

limits. 

h          Micro syringes – gas tight 5uL and larger.  

            i           Liners – 2mm or 4mm single goose-neck. 

            j           Septa 11mm. 

            k          Seals- dual vespel stainless steel or gold plated 0.8mm. 

            l           Vials- 2ml and larger amber. 

            m         Volumetric flasks- 10ml and larger class A with glass stopper. 

   

 

10.0 Reagents and Standards –    
10.1 The laboratory’s LIMS system allows for complete documentation and for the 

traceability of reagents and standards used within the laboratory.   

10.2 Reagent grade chemicals shall be used in all tests unless otherwise specified.  All 

reagents shall conform to the specifications of the Committee on Analytical 

Reagents of the American Chemical Society, where such specifications are 

available.  Other grades may be used, provided it is first ascertained that the reagent 

is of sufficiently high purity to permit its use without lessening the accuracy of the 

determination. 
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10.3 Methylene chloride (Please read SOP-336 before handling this solvent in our 

laboratory.) – Trace analysis grade. 

10.4 Stock standards are purchased in mixtures from reputable vendors.  The date they 

are received is noted on the label and recorded on the certificate of analysis sheet.  

The date they are opened is noted on the label and recorded in LIMS.  Each 

standards label is completed with the standard number, name, preparation date, 

expiration date, solvent and analyst initials.  All stocks and standards are stored in 

the freezer at a temperature of -15°C + 5°C from the date they are 

received/prepared.  Standards are brought to room temperature before being used to 

make standards.  Sonication is used if precipitation is observed after bringing to 

room temperature.  The refrigerator and freezer temperature are monitored daily 

with an annually calibrated thermometer and recorded with calibration correction in 

the Extraction temperature/calibration logbook. 

10.5 Individual standard makeup is recorded in LIMS with specific details concerning the 

standard being used, concentration, amount, solvent and expiration date.  
 

11.0 Sample Collection, Preservation, Shipment, and Storage 
Section 3.0 and table 3-1 of the Empirical Laboratories’ Quality Assurance Manual include 

details concerning sample preservation, containers and handling of semi-volatile samples 

and extracts.  All water and soil samples are stored in the appropriate walk-in coolers at a 

temperature of 4°C. All extracts are stored in the Hobart in the Extraction lab at a 

temperature of 4°C.  Water samples have a holding time of 7 days from date of sampling 

while soil samples have a holding time of 14 days from date of sampling (unless otherwise 

specified for the project). Extracts have 40 days from date of extraction to be analyzed. 

 

12.0 Quality Control 
12.1 Internals - All samples and QC are spiked with internal standards prior to analysis.   

12.2 Surrogates - All samples and QC are spiked with surrogates prior to extraction. See 

Table 2 for criteria and corrective action.   

12.3 LCS Sample - The LCS is extracted 1 per extraction batch of up to 20 samples to 

provide accuracy results. It is spiked using an alternate source or lot number than the 

calibration standards.  See Table 2 for criteria and corrective action.   

12.4 Method Blanks - The Method Blank is extracted 1 per extraction batch of up to 20 

samples.  See Table 2 for criteria and corrective action.   

12.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are 

spiked for a MS/MSD, if sample is available. If no sample is available, an LCSD 

must be extracted to provide precision results.  See Table 2 for criteria and 

corrective action.  Some factors that may affect MS/MSD results are: 

12.5.1 Sample matrix - If the sample is a soil, grab sample or sequentially collected 

water sample it may affect the %R and RPD of the MS/MSD.  Corrective 

action must be taken in the form of reanalysis if a method problem is 

indicated. 

12.5.2 Original sample concentration - If a spiked compound has a problem and the 

concentration of that compound in the original sample was four or more 

times the concentration of the spike, no further corrective action may be 

necessary other than the generation of a corrective action report to document 

the problem. 
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12.5.3 MS vs. MSD - If a spiked compound has a similar problem in both the MS 

and MSD and is not traced to a method problem, no further action may be 

necessary other than the generation of a non-conformance report to 

document the problem. 

12.5.4 Non-target Interference - The presence of significant non-target interference 

should be brought to the immediate attention of your supervisor who should 

discuss the problem with the client/project manager to determine the action 

to be taken. 
 

12.6 Demonstration of Capability (DOC) – Each new analyst must complete a 

demonstration of capability by analyzing four LCSs with acceptable precision and 

accuracy. This also must be done when a new instrument is installed or a significant 

change to the method has been made. 

 

13.0 Calibration and Standardization 
 

13.1 Quality Systems SOP QS08 “Technical / Operational Definitions, Minimum 

Essential Quality   Control Elements, and Laboratory Calibration Procedures” 

related to Calibration Procedures provides laboratory wide protocols for calibration 

and standardization.  

13.2 Initial Calibration - An initial multi-point calibration curve must be analyzed and 

shown to meet the initial calibration criteria before any sample analyses may be 

performed.  See Table 2 for criteria and corrective action.  The lowest standard must 

be less than or equal to the reported quantitation limit and the highest standard must 

not exceed the linear range of the detector.  Generally, levels for the curve range 

from 1.0ug/mL to 100ug/mL for regular SVOCs and 0.1µg/mL to 50µg/mL for 

low-concentration PAHs.. Any manual integrations are documented by inclusion of 

the integrated signals (before and after manual integration) initialed, reason 

indicated and dated with the quantitation report and chromatogram. All integrations 

are second-checked for acceptability by a senior analyst.  Refer to SOP-QS07 for 

guidance. 

13.3 Initial Calibration Verification (ICV) - A second source standard at the continuing 

calibration verification (CCV) level must be analyzed and calculated against the 

initial calibration curve, then shown to meet the ICV criteria before any sample 

analyses may be performed.     See Table 2 for criteria and corrective action.  For 

ICV standard preparation, refer to LIMS. Any manual integrations are documented 

by inclusion of the integrated signals (before and after manual integration) 

initialed, reason indicated and dated with the quantitation report and chromatogram.  

All integrations are second-checked for acceptability by a senior analyst.  Refer to 

SOP-QS07 for guidance. 

13.4 Continuing Calibration Verification (CCV) - Every 12 hours, a CCV must be 

analyzed and calculated against the initial calibration curve, then shown to meet the 

calibration check criteria before any sample analyses may be performed.  See Table 

2 for criteria and corrective action.  For ICV standard preparation, refer to LIMS. 

Any manual integrations are documented by inclusion of the integrated signals 

(before and after manual integration) initialed, reason indicated and dated with 

the quantitation report and chromatogram.  All integrations are second-checked for 

acceptability by a senior analyst.  Refer to SOP-QS07 for guidance. 
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14.0 Procedure 
Prior to analysis the samples are prepared for chromatography using the appropriate sample 

preparation and clean up methods (generally SW-846 methods 3510, 3520, 3541, 3546 

3550, 3580, EPA method 625 or CLP). 

14.1 Chromatographic conditions: Refer to corresponding instrument maintenance log for 

current gas chromatograph and mass spectrometer conditions. 

14.2 Tuning - Prior to any calibration or analysis, DFTPP tuning criteria must be met for 

a 50 ng injection of the tuning standard.  The injection port performance compounds 

(pentachlorophenol, benzidine and 4,4’-DDT) are also injected to verify the 

performance of the injection port .  See Table 2 for criteria and corrective action.   

14.3 Extracts - Prior to analysis, 1.0 mL extracts are prepared by verifying volume and 

spiking with 20uL of the internal standard solution.  

 

14.5 Instrument sequence-The instrument sequence log is filled out prior to sample 

analyses.  An example of a typical instrument sequence log follows: 

1-SEQ-TUN1 (12:00 am)  

2-SEQ-CCV1 

3-SEQ-BS1 

4-SEQ-BLK1 

5-Sample 

6-Sample 

7-Sample 

8-Sample 

9-Sample 

10-Sample 

11-Sample 

12-Sample 

13-Sample 

14-SEQ-MS1 

15-SEQ-MSD1 

16-SEQ-TUN2 (12:00pm - 12 hours since last DFTPP/CCV) 

17-SEQ-CCV2 

18-Sample 

19-Sample 

20-Sample 

 

14.6 Data Reduction/Evaluation - Each sample analysis sequence is documented using 

the computer run log generated on the Chemstation.  This run log is signed, dated 

and paginated then placed in a 3 ring binder for that instrument.  After the sample 

has been analyzed, the data is processed through Target DB on the Windows NT 

data system. The following must be checked to determine if the sample will need 

reanalysis or dilution.  Criteria and corrective action are found in Table 2.  Formal 

data evaluation is detailed in SOP QS05 and documented using the Analyst Data 

Review Checklist (see Appendix). Manual integration guidance is found in SOP 

QS07. 

14.6.1 Internal Standard Area Counts and Retention Times 

14.6.2  Surrogate Recoveries and Retention Times 
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14.6.3 Analyte concentration.  

14.6.4 Analyte identification based on spectrum and retention time. 

14.6.5 Analyte quantitation verification. 

 

15.0 Data Analysis and Calculations 
15.1 Quality Systems SOP QS09 “General and Commonly used Laboratory 

Calculations” provides details on general calculations used throughout the 

laboratory. 

15.2 The RF is calculated as follows: 

C x A

C x A
 = RF

sis

iss
 

 

where: 

As  = Peak area (or height) of the analyte or surrogate. 

Ais  = Peak area (or height) of the internal standard. 

Cs  = Concentration of the analyte or surrogate. 

Cis  = Concentration of the internal standard. 

 

15.2 Calibration verification involves the calculation of the percent drift (linear or 

quadratic) or the percent difference (average) of the instrument response between 

the initial calibration and each subsequent analysis of the verification standard.  Use 

the equations below to calculate % Drift or % Difference, depending on the 

calibration procedure used. 
  (Calculated concentration – Theoretical concentration) * 100 

% Drift =     Theoretical Concentration 
 

where:  

Calculated concentration is determined from the initial calibration.  

Theoretical concentration is the concentration at which the standard was prepared. 
 

    (CCV RF – Average RF) * 100 

% Difference =     Average RF 

 

where:  

CCV RF is the response factor from the analysis of the verification standard  

Average RF is the average of the response factors from the initial calibration.  

15.3 Concentration in water samples is calculated as follows:  [Note: Using the units 

specified here for these terms will result in a concentration in units of ng/mL, which 

is equivalent to µg/L.] 

)(1000)V)(RF)(A(

)V)(D)(C)(A(
 = g/L)(ion Concentrat

sis

iiss
µ  

where: 

As = Area (or height) of the peak for the analyte in the sample. 

Ais = Area (or height) of the peak for the internal standard. 

Cis = Concentration of the internal standard in the volume extracted in ug/L.   

D = Dilution factor, if the sample was diluted prior to analysis.  If no dilution was made, D = 

1.  The dilution factor is always dimensionless. 

Vi = Volume of the extract injected (µL).  The nominal injection volume for samples 

and calibration standards must be the same. 
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––
RF = Mean response factor from the initial calibration.  

Vs = Volume of the aqueous sample extracted (mL).  If units of liters are used for this 

term, multiply the results by 1000. 

The 1000 in the denominator represents the number of µL in 1 mL.  If the injection (Vi) is 

expressed in mL, then the 1000 may be omitted. 

 

15.4 Concentration in non-aqueous samples is calculated as follows:  [Note: Using the 

units specified here for these terms will result in a concentration in units of ng/g, 

which is equivalent to µg/kg.] 

)(1000)W)(RF)(A(

)V)(D)(C)(A(
 = g/kg)(ion Concentrat

sis

iiss
µ  

where:  As,  

Ais, Cis, D, and 
––
RF are the same as for aqueous samples, and 

Ws = Weight of sample extracted (g).  Either a dry weight or wet weight may be used, 

depending upon the specific application of the data.  If units of kilograms are used 

for this term, multiply the results by 1000. 

The 1000 in the denominator represents the number of µL in 1 mL.  If the injection (Vi) is 

expressed in mL, then the 1000 may be omitted. 

 

15.3 Any questions left unanswered by this SOP should be clarified by reading the 

referenced method.  If questions still remain unanswered, check with the Section 

Manager, Technical Director and/or Data Quality Manager. 

 

16.0 Method Performance 
See SOP QS08 and Table 2 for criteria and corrective actions associated to the following 

method performance items: 

16.1 Method Detection Limit Study or Detection Limit Determination 

16.2 Limit of Detection Verification 

16.3 Limit of Quantitation or Reporting Limit Verification 

16.4 Demonstration of Capability (DOC) 

16.5 PT Studies 

 

17.0 Pollution Prevention 
Quantity of chemicals purchased should be based on expected usage during its shelf-life 

and the disposal cost of unused material. Actual reagent preparation volumes should reflect 

anticipated usage and reagent stability. 

 

18.0 Data Assessment and Acceptance Criteria for Quality Control Measures 
Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  Laboratory 

Non-Conformance / Corrective Action Procedures, Decision Making Guidelines for 

Evaluating Laboratory Analytical Sample and Quality Control Results”, provides details on 

data assessment and acceptance criteria for Quality Control Measures.  Table 2 of this SOP 

provides information on QC samples, frequency, and the associated criteria specific to the 

performance of this method. 
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19.0 Contingencies for Handling out-of-control or unacceptable data 
Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  Laboratory 

Non-Conformance / Corrective Action Procedures, Decision Making Guidelines for 

Evaluating Laboratory Analytical Sample and Quality Control Results”, provides details on 

handling out of control data.  Table 2 within this SOP also lists corrective actions 

associated with the failure of the various QC samples employed for the performance of this 

method. 

 

20.0 Waste Management 
Laboratory SOP QS14 on Waste Handling discusses general guidelines for the appropriate 

handling of wastes and the laboratory program on waste management. 

 

21.0 References 
40 CFR, Part 136; Appendix A 

Test Methods for Evaluating Solid Waste, SW-846 

National Environmental Laboratory Accreditation Conference; CH. 5, 2003 

USACE, EM 200-1-3; Appendix 1; Shell, 2/2001 

DOD Quality Systems Manual for Environmental Laboratories,  

 

22.0 Tables, Diagrams, Flowcharts and Validation Data 
22.1 Table 1, all applicable parameters with the applicable DL(MDL)/LOD/LOQ(MRL). 

22.2 Table 2, QA/QC summary table  

22.3 Table 3, Technical Completeness / Accuracy Checklist 

22.4 Table 4, Data Reviewers Checklist(s) 

22.5 Table 5, 625 QC Limits 

22.6 Table 6, Standards Used 

22.7 Table 7, INTERNAL STANDARD ASSOCIATION / QUANT MASS – Standard SVOC analysis 

22.8 Table 8, LOW CONCENTRATION PAH INTERNAL STANDARD/SURROGATE SPECIFICATIONS 

 22.9 Figure 1, Tailing Factor Calculation 

22.10 Table 9, DFTPP Tuning Criteria 
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TABLE 1 
Analyte (Water) DL LOD MRL/LOQ Units 

1,1'-Biphenyl 1.25 2.50 5.00 ug/L 

1,2,4,5-Tetrachlorobenzene 1.25 2.50 5.00 ug/L 

1,2,4-Trichlorobenzene 1.25 2.50 5.00 ug/L 

1,2-Dichlorobenzene 1.25 2.50 5.00 ug/L 

1,3-Dichlorobenzene 1.25 2.50 5.00 ug/L 

1,4-Dichlorobenzene 1.25 2.50 5.00 ug/L 

2,3,4,6-Tetrachlorophenol 1.25 2.50 5.00 ug/L 

2,4,5-Trichlorophenol 1.25 2.50 5.00 ug/L 

2,4,6-Trichlorophenol 1.25 2.50 5.00 ug/L 

2,4-Dichlorophenol 1.25 2.50 5.00 ug/L 

2,4-Dimethylphenol 5.00 10.0 20.0 ug/L 

2,4-Dinitrophenol 12.5 25.0 50.0 ug/L 

2,4-Dinitrotoluene 1.25 2.50 5.00 ug/L 

2,6-Dinitrotoluene 1.25 2.50 5.00 ug/L 

2-Chloronaphthalene 1.25 2.50 5.00 ug/L 

2-Chlorophenol 1.25 2.50 5.00 ug/L 

2-Methylnaphthalene 1.25 2.50 5.00 ug/L 

2-Methylphenol 1.25 2.50 5.00 ug/L 

2-Nitroaniline 5.00 10.0 20.0 ug/L 

2-Nitrophenol 1.25 2.50 5.00 ug/L 

3,3´-Dichlorobenzidine 1.25 2.50 5.00 ug/L 

3-Nitroaniline 5.00 10.0 20.0 ug/L 

4,6-Dinitro-2-methylphenol 5.00 10.0 20.0 ug/L 

4-Bromophenyl phenyl ether 1.25 2.50 5.00 ug/L 

4-Chloro-3-methylphenol 1.25 2.50 5.00 ug/L 

4-Chloroaniline 1.25 2.50 5.00 ug/L 

4-Chlorophenyl phenyl ether 1.25 2.50 5.00 ug/L 

4-Methylphenol 1.25 2.50 5.00 ug/L 

4-Nitroaniline 5.00 10.0 20.0 ug/L 

4-Nitrophenol 5.00 10.0 20.0 ug/L 

Acenaphthene 1.25 2.50 5.00 ug/L 

Acenaphthylene 1.25 2.50 5.00 ug/L 

Acetophenone 1.25 2.50 5.00 ug/L 

Anthracene 1.25 2.50 5.00 ug/L 

Atrazine 1.25 2.50 5.00 ug/L 

Benzaldehyde 1.25 2.50 5.00 ug/L 

Benzo (a) anthracene 1.25 2.50 5.00 ug/L 

Benzo (a) pyrene 1.25 2.50 5.00 ug/L 

Benzo (b) fluoranthene 1.25 2.50 5.00 ug/L 

Benzo (g,h,i) perylene 1.25 2.50 5.00 ug/L 

Benzo (k) fluoranthene 1.25 2.50 5.00 ug/L 

Bis(2-chloroethoxy)methane 1.25 2.50 5.00 ug/L 

Bis(2-chloroethyl)ether 1.25 2.50 5.00 ug/L 

Bis(2-chloroisopropyl)ether 1.25 2.50 5.00 ug/L 

Bis(2-ethylhexyl)phthalate 1.25 2.50 5.00 ug/L 

Butyl benzyl phthalate 1.25 2.50 5.00 ug/L 

Caprolactam 1.25 2.50 5.00 ug/L 

Carbazole 1.25 2.50 5.00 ug/L 

Chrysene 1.25 2.50 5.00 ug/L 

Dibenz (a,h) anthracene 1.25 2.50 5.00 ug/L 

Dibenzofuran 1.25 2.50 5.00 ug/L 

Diethyl phthalate 1.25 2.50 5.00 ug/L 

Dimethylphthalate 1.25 2.50 5.00 ug/L 

Di-n-butyl phthalate 1.25 2.50 5.00 ug/L 
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Table 1 (Continued) 
Analyte (Water) DL LOD MRL/LOQ Units 

Di-n-octyl phthalate 1.25 2.50 5.00 ug/L 

Fluoranthene 1.25 2.50 5.00 ug/L 

Fluorene 1.25 2.50 5.00 ug/L 

Hexachlorobenzene 1.25 2.50 5.00 ug/L 

Hexachlorobutadiene 1.25 2.50 5.00 ug/L 

Hexachlorocyclopentadiene 1.25 2.50 5.00 ug/L 

Hexachloroethane 1.25 2.50 5.00 ug/L 

Indeno (1,2,3-cd) pyrene 1.25 2.50 5.00 ug/L 

Isophorone 1.25 2.50 5.00 ug/L 

Naphthalene 1.25 2.50 5.00 ug/L 

Nitrobenzene 1.25 2.50 5.00 ug/L 

N-Nitrosodi-n-propylamine 1.25 2.50 5.00 ug/L 

N-Nitrosodiphenylamine 1.25 2.50 5.00 ug/L 

Pentachlorophenol 5.00 10.0 20.0 ug/L 

Phenanthrene 1.25 2.50 5.00 ug/L 

Phenol 1.25 2.50 5.00 ug/L 

Pyrene 1.25 2.50 5.00 ug/L 

Analyte (Soil) DL LOD MRL/LOQ Units 
1,1'-Biphenyl 83.3 167 333 ug/Kg 

1,2,4,5-Tetrachlorobenzene 83.3 167 333 ug/Kg 

1,2,4-Trichlorobenzene 83.3 167 333 ug/Kg 

1,2-Dichlorobenzene 83.3 167 333 ug/Kg 

1,3-Dichlorobenzene 83.3 167 333 ug/Kg 

1,4-Dichlorobenzene 83.3 167 333 ug/Kg 

2,3,4,6-Tetrachlorophenol 83.3 167 333 ug/Kg 

2,4,5-Trichlorophenol 83.3 167 333 ug/Kg 

2,4,6-Trichlorophenol 83.3 167 333 ug/Kg 

2,4-Dichlorophenol 83.3 167 333 ug/Kg 

2,4-Dimethylphenol 333 667 1330 ug/Kg 

2,4-Dinitrophenol 833 1670 3330 ug/Kg 

2,4-Dinitrotoluene 83.3 167 333 ug/Kg 

2,6-Dinitrotoluene 83.3 167 333 ug/Kg 

2-Chloronaphthalene 83.3 167 333 ug/Kg 

2-Chlorophenol 83.3 167 333 ug/Kg 

2-Methylnaphthalene 83.3 167 333 ug/Kg 

2-Methylphenol 83.3 167 333 ug/Kg 

2-Nitroaniline 333 667 1330 ug/Kg 

2-Nitrophenol 83.3 167 333 ug/Kg 

3,3´-Dichlorobenzidine 83.3 167 333 ug/Kg 

3-Nitroaniline 333 667 1330 ug/Kg 

4,6-Dinitro-2-methylphenol 833 1670 3330 ug/Kg 

4-Bromophenyl phenyl ether 83.3 167 333 ug/Kg 

4-Chloro-3-methylphenol 83.3 167 333 ug/Kg 

4-Chloroaniline 83.3 167 333 ug/Kg 

4-Chlorophenyl phenyl ether 83.3 167 333 ug/Kg 

4-Methylphenol 83.3 167 333 ug/Kg 

4-Nitroaniline 333 667 1330 ug/Kg 

4-Nitrophenol 333 667 1330 ug/Kg 

Acenaphthene 83.3 167 333 ug/Kg 

Acenaphthylene 83.3 167 333 ug/Kg 

Acetophenone 83.3 167 333 ug/Kg 

Anthracene 83.3 167 333 ug/Kg 

Atrazine 83.3 167 333 ug/Kg 

Benzaldehyde 83.3 167 333 ug/Kg 

Benzo (a) anthracene 83.3 167 333 ug/Kg 
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Table 1 (Continued) 
Analyte (Soil) DL LOD MRL/LOQ Units 

Benzo (a) pyrene 83.3 167 333 ug/Kg 

Benzo (b) fluoranthene 83.3 167 333 ug/Kg 

Benzo (g,h,i) perylene 83.3 167 333 ug/Kg 

Benzo (k) fluoranthene 83.3 167 333 ug/Kg 

Bis(2-chloroethoxy)methane 83.3 167 333 ug/Kg 

Bis(2-chloroethyl)ether 83.3 167 333 ug/Kg 

Bis(2-chloroisopropyl)ether 83.3 167 333 ug/Kg 

Bis(2-ethylhexyl)phthalate 83.3 167 333 ug/Kg 

Butyl benzyl phthalate 83.3 167 333 ug/Kg 

Caprolactam 83.3 167 333 ug/Kg 

Carbazole 83.3 167 333 ug/Kg 

Chrysene 83.3 167 333 ug/Kg 

Dibenz (a,h) anthracene 83.3 167 333 ug/Kg 

Dibenzofuran 83.3 167 333 ug/Kg 

Diethyl phthalate 83.3 167 333 ug/Kg 

Dimethylphthalate 83.3 167 333 ug/Kg 

Di-n-butyl phthalate 83.3 167 333 ug/Kg 

Di-n-octyl phthalate 83.3 167 333 ug/Kg 

Fluoranthene 83.3 167 333 ug/Kg 

Fluorene 83.3 167 333 ug/Kg 

Hexachlorobenzene 83.3 167 333 ug/Kg 

Hexachlorobutadiene 83.3 167 333 ug/Kg 

Hexachlorocyclopentadiene 83.3 167 333 ug/Kg 

Hexachloroethane 83.3 167 333 ug/Kg 

Indeno (1,2,3-cd) pyrene 83.3 167 333 ug/Kg 

Isophorone 83.3 167 333 ug/Kg 

Naphthalene 83.3 167 333 ug/Kg 

Nitrobenzene 83.3 167 333 ug/Kg 

N-Nitrosodi-n-propylamine 83.3 167 333 ug/Kg 

N-Nitrosodiphenylamine 83.3 167 333 ug/Kg 

Pentachlorophenol 333 667 1330 ug/Kg 

Phenanthrene 83.3 167 333 ug/Kg 

Phenol 83.3 167 333 ug/Kg 

Pyrene 83.3 167 333 ug/Kg 

Analyte Low PAH (Water) DL LOD MRL/LOQ Units 
1-Methylnaphthalene 0.0500 0.100 0.200 ug/L 

2-Methylnaphthalene 0.0500 0.100 0.200 ug/L 

Acenaphthene 0.0500 0.100 0.200 ug/L 

Acenaphthylene 0.0500 0.100 0.200 ug/L 

Anthracene 0.0500 0.100 0.200 ug/L 

Benzo (a) anthracene 0.0500 0.100 0.200 ug/L 

Benzo (a) pyrene 0.0500 0.100 0.200 ug/L 

Benzo (b) fluoranthene 0.0500 0.100 0.200 ug/L 

Benzo (g,h,i) perylene 0.0500 0.100 0.200 ug/L 

Benzo (k) fluoranthene 0.0500 0.100 0.200 ug/L 

Chrysene 0.0500 0.100 0.200 ug/L 

Dibenz (a,h) anthracene 0.0500 0.100 0.200 ug/L 

Fluoranthene 0.0500 0.100 0.200 ug/L 

Fluorene 0.0500 0.100 0.200 ug/L 

Indeno (1,2,3-cd) pyrene 0.0500 0.100 0.200 ug/L 

Naphthalene 0.0500 0.100 0.200 ug/L 

Phenanthrene 0.0500 0.100 0.200 ug/L 

Pyrene 0.0500 0.100 0.200 ug/L 

Analyte Low PAH (Soil) DL LOD MRL/LOQ Units 
1-Methylnaphthalene 1.67 3.33 6.67 ug/Kg 
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Table 1 (Continued) 
Analyte Low PAH (Soil) DL LOD MRL/LOQ Units 

2-Methylnaphthalene 1.67 3.33 6.67 ug/Kg 

Acenaphthene 1.67 3.33 6.67 ug/Kg 

Acenaphthylene 1.67 3.33 6.67 ug/Kg 

Anthracene 1.67 3.33 6.67 ug/Kg 

Benzo (a) anthracene 1.67 3.33 6.67 ug/Kg 

Benzo (a) pyrene 1.67 3.33 6.67 ug/Kg 

Benzo (b) fluoranthene 1.67 3.33 6.67 ug/Kg 

Benzo (g,h,i) perylene 1.67 3.33 6.67 ug/Kg 

Benzo (k) fluoranthene 1.67 3.33 6.67 ug/Kg 

Chrysene 1.67 3.33 6.67 ug/Kg 

Dibenz (a,h) anthracene 1.67 3.33 6.67 ug/Kg 

Fluoranthene 1.67 3.33 6.67 ug/Kg 

Fluorene 1.67 3.33 6.67 ug/Kg 

Indeno (1,2,3-cd) pyrene 1.67 3.33 6.67 ug/Kg 

Naphthalene 1.67 3.33 6.67 ug/Kg 

Phenanthrene 1.67 3.33 6.67 ug/Kg 

Pyrene 1.67 3.33 6.67 ug/Kg 

Analyte (TCLP) DL LOD MRL/LOQ Units 
1,4-Dichlorobenzene 0.00125 0.00250 0.00500 mg/L 

2,4,5-Trichlorophenol 0.00125 0.00250 0.00500 mg/L 

2,4,6-Trichlorophenol 0.00125 0.00250 0.00500 mg/L 

2,4-Dinitrotoluene 0.00125 0.00250 0.00500 mg/L 

2-Methylphenol 0.00125 0.00250 0.00500 mg/L 

3-Methylphenol 0.00125 0.00250 0.00500 mg/L 

4-Methylphenol 0.00125 0.00250 0.00500 mg/L 

Hexachlorobenzene 0.00125 0.00250 0.00500 mg/L 

Hexachlorobutadiene 0.00125 0.00250 0.00500 mg/L 

Hexachloroethane 0.00125 0.00250 0.00500 mg/L 

Nitrobenzene 0.00125 0.00250 0.00500 mg/L 

Pentachlorophenol 0.0050 0.0100 0.0200 mg/L 

Pyridine 0.00125 0.00250 0.00500 mg/L 
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Table 2. Organic Analysis by Gas Chromatography/Mass Spectrometry (Methods 625/8270) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Demonstrate 

acceptable analytical 

capability 

Prior to using any test 

method and at any time there 

is a significant change in 

instrument type, personnel, 

test method, or sample 

matrix. 

QC acceptance criteria 

published by DoD, if 

available; otherwise, 

method-specific criteria. 

Recalculate results; locate 

and fix problem, then rerun 

demonstration for those 

analytes that did not meet 

criteria (see Section C.1.f of 

DoD QSM 4.1). 

NA. This is a demonstration of 

analytical ability to generate 

acceptable precision and bias 

per the procedure in 

Appendix C of DoD QSM 

4.1.  No analysis shall be 

allowed by analyst until 

successful demonstration of 

capability is complete. 

MDL determination  Initial method demonstration 

required for some states – 

not required for DoD 

Refer to SOP QS09.    

LOD determination 

and verification 

Prior to initial analysis then 

quarterly verification. 

See Box D-13 of DoD QSM 

4.1 

   

LOQ establishment 

and verification 

Prior to initial analysis then 

quarterly verification. 

See Box D-14 of DoD QSM 

4.1 

   

Tuning  Prior to ICAL and at the 

beginning of each 12-hour 

period. 

Refer to table 8 of this SOP. Retune instrument and verify.  

Rerun affected samples. 

Flagging criteria are not 

appropriate. 

Problem must be corrected.  

No samples may be accepted 

without a valid tune. 

Breakdown check 

(DDT Method 8270 

only) 

At the beginning of each 12-

hour period, prior to analysis 

of samples. 

Degradation ≤ 20% for 

DDT.  Benzidine and 

pentachlorophenol should be 

present at their normal 

responses, and should not 

exceed a tailing factor of 2. 

[Method 625 – benzidine and 

pentachlorophenol tailing 

limits are 3 and 5, 

respectively, when benzidine 

or acids are target analytes.  

Benzidine tailing is specific 

to benzidine analysis and 

pentachlorophenol tailing is 

specific to acid analyte 

analyses according to 625.] 

Correct problem then repeat 

breakdown checks. 

Flagging criteria are not 

appropriate. 

No samples shall be run until 

degradation ≤ 20%.  

 

Not applied when low 

concentration  PAHs are 

the only target analytes. 
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Table 2. Organic Analysis by Gas Chromatography/Mass Spectrometry (Methods 625/8270) (continued) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Minimum five-

point initial 

calibration 

(ICAL) for all 

analytes  

ICAL prior to sample 

analysis. 

1. Average response factor (RF) for SPCCs:   

SVOCs ≥ 0.050 [2,4-dinitrophenol, 

hexachlorocyclopentadiene, N-Nitrosodi-n-

propylamine, 4-nitrophenol] 

Note 1: See table 4 of 8270D SPCC 

analytes and limits. 

Note 2: > 0.050 for all low-level PAHs 

2. RSD for RFs for CCCs:  SVOCs ≤ 30% 

and one option below: 

Option 1: RSD for each analyte ≤ 15%; 

[< 20% for non-DoD 8270D; or,  

<35% for non-DoD 625]                                                                                          

Option 2: linear least squares regression r 

≥ 0.995 or r2 
≥ 0.990;  

[r ≥ 0.990 for non-DoD analyses]                           

Option 3: non-linear regression–coefficient 

of determination (COD) r2 ≥ 0.990 (6 points 

shall be used for second order, 7 points 

shall be used for third order). 

Correct problem then repeat 

ICAL. 

Flagging criteria are not 

appropriate. 

Problem must be 

corrected.  No samples 

may be run until ICAL 

has passed.  Calibration 

may not be forced through 

the origin for DoD 

projects. 

Second source 

calibration 

verification (ICV)  

Once after each ICAL. All project analytes within ± 20% of true 

value  

[± 25% for non-DoD 8270C; or, 

 ± 30% for non-DoD 8270D] 

Correct problem and verify 

second source standard.  Rerun 

second source verification.  If that 

fails, correct problem and repeat 

ICAL. 

Flagging criteria are not 

appropriate. 

Problem must be 

corrected.  No samples 

should be run until 

calibration has been 

verified.   

Retention time 

window position 

establishment for 

each analyte and 

surrogate  

Once per ICAL. Position shall be set using  the midpoint 

standard of the ICAL curve when ICAL is 

performed.  On days when ICAL is not 

performed, the sequence CCV is used. 

NA. NA.   
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Table 2. Organic Analysis by Gas Chromatography/Mass Spectrometry (Methods 625/8270) (continued) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Evaluation of 

relative retention 

times (RRT) 

With each sample. RRT of each target analyte within ± 0.06 

RRT units.  

 

Note - retention times may be updated 

based on the CCV to account for minor 

performance fluctuations or after routine 

system maintenance (such as column 

clipping). 

Correct problem, then rerun 

ICAL. 

Flagging criteria are not 

appropriate. 

With each sample, the 

RRT shall be compared 

with the most recently 

updated RRT.  If the RRT 

has changed by more than 

±0.06 RRT units since the 

last update, this indicates 

a significant change in 

system performance and 

the laboratory must take 

appropriate corrective 

actions as required by the 

method and rerun the 

ICAL to reestablish the 

retention times. 

Continuing 

calibration 

verification 

(CCV) 

Daily before sample 

analysis and every 12 

hours of analysis time.   

1. Average RF for SPCCs:   

SVOCs ≥ 0.050 [2,4-dinitrophenol, 

hexachlorocyclopentadiene, N-Nitrosodi-n-

propylamine, 4-nitrophenol] 

Note 1: See table 4 of 8270D SPCC 

analytes and limits. 

Note 2: > 0.050 for all low-level PAHs 

2. %Difference/Drift for all target 

compounds and surrogates:   

SVOCs ≤ 20%D (Note: D = difference 

when using RFs or drift when using least 

squares regression or non-linear 

calibration). 

[± 20% for CCCs only non-DoD 8270C] 

DoD project level approval must 

be obtained for each of the failed 

analytes or corrective action must 

be taken.  

 

Correct problem, then rerun 

calibration verification.  If that 

fails, then repeat ICAL.  

Reanalyze all samples since last 

acceptable CCV. 

If reanalysis cannot be 

performed, data should 

be qualified and 

explained in the case 

narrative.  Apply 

qualifier to all results for 

the specific analyte(s) in 

all samples since last 

acceptable CCV. 

[For non-DoD 8270C, if 

CCCs exceed, evaluate 

all analytes for 20%D 

and qualify as above] 

Problem should be 

corrected.  Results should 

not be reported without a 

valid CCV.  Flagging is 

only appropriate in cases 

where the samples cannot 

be reanalyzed, holding 

time has been exceeded or 

client has approved 

reporting. 

Internal standards 

verification 

Every field sample, 

standard, and QC 

sample. 

Retention time ± 30 seconds from retention 

time of the midpoint standard in the ICAL 

or daily CCV; EICP area within -50% to 

+100% of ICAL midpoint standard or daily 

CCV. 

 

Inspect mass spectrometer and GC 

for malfunctions.  Reanalysis of 

samples analyzed while system 

was malfunctioning is mandatory.  

If corrective action fails 

in field samples, apply 

qualifier to analytes 

associated with the non-

compliant IS.  Flagging 

criteria are not 

appropriate for failed 

standards. 

Sample results are not 

acceptable without a valid 

IS verification. 
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Table 2. Organic Analysis by Gas Chromatography/Mass Spectrometry (Methods 625/8270) (continued) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method blank One per preparatory 

batch. 

No analytes detected > ½ RL/LOQ or  

> 1/10 the amount measured in any sample 

or 1/10 the regulatory limit (whichever is 

greater).  Blank result must not otherwise 

affect sample results.  For common 

laboratory contaminants, no analytes 

detected > RL/LOQ. 

Correct problem.  If required, 

reprep and reanalyze method 

blank and all samples processed 

with the contaminated blank. 

If reanalysis cannot be 

performed, data must be 

qualified and explained 

in the case narrative.  

Apply B-flag to all 

results for the specific 

analyte(s) in all samples 

in the associated 

preparatory batch. 

Problem must be 

corrected.  Results may 

not be reported without a 

valid method blank.  

Flagging is only 

appropriate in cases where 

the samples cannot be 

reanalyzed. 

LCS containing 

all analytes to be 

reported, 

including 

surrogates 

One per preparatory 

batch. 

QC acceptance criteria specified by client 

or DoD (appendix G), if available.   

AFCEE 4.0.02 limits are applied for low 

concentration PAHs as they are not 

addressed by DoD.  

Otherwise, use in-house control limits.  

In-house control limits may not be greater 

than ± 3 times the standard deviation of the 

mean LCS recovery.   Low concentration 

PAH limits 

Correct problem, then reprep and 

reanalyze the LCS and all samples 

in the associated preparatory batch 

for failed analytes, if sufficient 

sample material is available. 

If reanalysis cannot be 

performed, data must be 

qualified and explained 

in the case narrative.  

Apply Q-flag to specific 

analyte(s) in all samples 

in the associated 

preparatory batch. 

Problem must be 

corrected.  Results may 

not be reported without a 

valid LCS.  Flagging is 

only appropriate in cases 

where the samples cannot 

be reanalyzed. 

Matrix Spike 

(MS) 

One per preparatory 

batch per matrix 

Use LCS criteria, above.  Examine the project-specific 

DQOs.  Contact the client as to 

additional measures to be taken. 

For the specific 

analyte(s) in the parent 

sample, apply qualifier if 

acceptance criteria are 

not met. 

For matrix evaluation 

only.  If MS results are 

outside the LCS limits, 

the data shall be evaluated 

to determine the source of 

difference and to 

determine if there is a 

matrix effect or analytical 

error. 

Matrix spike 

duplicate (MSD) 

or sample 

duplicate 

One per preparatory 

batch per matrix 

MSD:  For matrix evaluation, use LCS 

acceptance criteria above. 

 

MSD or sample duplicate:  RPD ≤ 30%  or 

client specified limit (between MS and 

MSD or sample and sample duplicate).   

Examine the project-specific 

DQOs.  Contact the client as to 

additional measures to be taken. 

For the specific 

analyte(s) in the parent 

sample, apply qualifier if 

acceptance criteria are 

not met. 

The data shall be 

evaluated to determine the 

source of difference. 



   

 

V:\Standard Operating Procedures\Current SOP File Directory\SOP201_R20_20100426.doc Page 20 of 29 

Table 2. Organic Analysis by Gas Chromatography/Mass Spectrometry (Methods 625/8270) (continued) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Surrogate spike  All field and QC 

samples. 
Surrogate Water 

 

Solid 
Nitrobenzene-d5 40-110 35-100 

2-Fluorobiphenyl 50-110 45-105 

Terphenyl-d14 50-135 30-125 

Phenol-d6  10-115 40-100 

2-Fluorophenol 20-110 35-105 

2,4,6-Tribromophenol 40-125 35-125 

QC acceptance criteria specified by DoD 

(above) or Client.  Low PAH surrogate 

limits are 14%-129% soil and 34%-167% 

water.  Otherwise, in-house control limits 

may be used.  No limits specified for 

Method 625. 

 

For QC and field samples, correct 

problem then reprep and reanalyze 

all failed samples for failed 

surrogates in the associated 

preparatory batch, if sufficient 

sample material is available.  If 

obvious chromatographic 

interference with surrogate is 

present, reanalysis may not be 

necessary. 

Apply qualifier to all 

associated analytes if 

acceptance criteria are 

not met.  For acid 

surrogate, qualify acid 

analytes, for base/neutral 

surrogates, qualify 

base/neutral analytes. 

 

Results reported 

between DL and 

LOQ 

NA. NA. NA. Apply J-flag to all results 

between DL and LOQ. 
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Table 3, Technical Completeness / Accuracy Checklist 
 

1. Were all the QC check elements analyzed – refer to Table 2 of the SOP 

2. Were the QC criteria met 

3. In cases of failures, was there an NCR written 

4. Were all manual integrations signed 

5. Were dilution factors applied correctly 

6. Was there supervisory or senior-scientist approval for manual integrations on standards and 

batch QC samples 

7. Was the data uploaded into LIMS via direct upload (i.e. datatool) – if yes, then was a cross 

check subset of the uploaded values performed 

8. If the data was entered into LIMS manually, was a check of all entered values performed 

9. Was the red marked data in LIMS checked for accuracy and the corresponding hard copy 

data documented appropriately 

10. Were proper data qualifiers applied to the data in LIMS 

11. Was the hard copy package checked for completeness to include all data for the sequence 

such that the data reviewer could reconstruct sample analyses and validate / approve the data 

 

 

 

 

Table 4, Data Reviewers Checklist (Prior to approving data) 
 

1. Does the hard copy raw data (or electronic raw data) package look complete and include all 

data points 

2. Were QA objectives met and for failures were the appropriate actions taken 

3. For direct uploads to LIMS, did a subset cross check match the raw data 

4. Did all the manual entries into LIMS match the raw data 

5. Were there appropriate signatures and documentation on the raw data 

6. Were appropriate LIMS flags used 

7. Were manual integrations signed 

8. Were manual integrations for calibration and QC samples approved by supervisor 

9. Were manual calculations verified 
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ANALYST DATA REVIEW CHECKLIST 

Sample Number(s): 

Batch Number(s): 

Method: 8260B/624/8270C/8270D/625 (Circle One) 

 
 

QA/QC Item 

 

Yes 

 

No 

 

NA 

Second Level 

Review 

 

1.  Is the BFB/DFTPP tune performed every 12 hours and is the tuning criteria 

met? 

 

 

 

 

 

 

 

 

 

Are the RRFs and % RSDs within QC limits for appropriate   analytes for the 

initial calibration? Check the retention times for compounds with the same 

spectra. Check compounds with different conc.( e.g. m/p-xylene, ketones, etc.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     3.  Was the initial calibration curve verified by a second source calibration 

standard (ICV) and have criteria been met? 

 

 

 

 

 

 

 

 

 

 

 

 

 

     4.  Does the Continuing Calibration Standard (CCV) meet the criteria for the 

CCCs, SPCCs and/or 20%D for all analytes. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     5.  Is the Method Blank run at the desired frequency and is its concentration 

for target analytes less than the MDLs? 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     6.  Are the LCS, MS, MSD within control limits and run at the desired 

frequency? 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

     7.  Are all sample holding times met, analytes within calibration range, IS 

areas and surrogate recoveries within QC limits? 

 

 

 

 

 

 

 

 

 

 

 

 

 

     8.  Were the Method Blank, LCS, MS, MSD and samples uploaded to the 

LIMS and verified (at least one calculation per batch uploaded)? 

     

 

Comments on any “No” response: 

 

 

 

 

 

 

Primary-Level Review:  Date:  

    

Second-Level Review:  Date:  
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Table 5 – 625 QC limits 

   ____________________________________________________________________________ 

  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 

  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 

  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 

  |____________________________________________________________________________| 

  | Acenaphthene           |  100.00 |     0.0000  |      100.00 |  100 |47-145| 

  | Acenaphthylene         |  100.00 |     0.0000  |      100.00 |  100 |33-145| 

  | Anthracene             |  100.00 |     0.0000  |      100.00 |  100 |27-133| 

  | Benzidine              |  100.00 |     0.0000  |      100.00 |  100 | D-110| 

  | Benzo(a)anthracene     |  100.00 |     0.0000  |      100.00 |  100 |33-143| 

  | Benzo(b)fluoranthene   |  100.00 |     0.0000  |      100.00 |  100 |24-159| 

  | Benzo(k)fluoranthene   |  100.00 |     0.0000  |      100.00 |  100 |11-162| 

  | Benzo(g,h,i)perylene   |  100.00 |     0.0000  |      100.00 |  100 | D-219| 

  | Benzo(a)pyrene         |  100.00 |     0.0000  |      100.00 |  100 |17-163| 

  | bis(2-Chloroethoxy)meth|  100.00 |     0.0000  |      100.00 |  100 |33-184| 

  | bis(2-Chloroethyl)ether|  100.00 |     0.0000  |      100.00 |  100 |12-158| 

  | bis(2-Chloroisopropyl)e|  100.00 |     0.0000  |      100.00 |  100 |36-166| 

  | Bis(2-ethylhexyl)phthal|  100.00 |     0.0000  |      100.00 |  100 | 8-158| 

  | 4-Bromophenyl-phenyleth|  100.00 |     0.0000  |      100.00 |  100 |53-127| 

  | Butylbenzylphthalate   |  100.00 |     0.0000  |      100.00 |  100 | D-152| 

  | 4-Chloro-3-methylphenol|  100.00 |     0.0000  |      100.00 |  100 |22-147| 

  | 2-Chloronaphthalene    |  100.00 |     0.0000  |      100.00 |  100 |60-118| 

  | 2-Chlorophenol         |  100.00 |     0.0000  |      100.00 |  100 |23-134| 

  | 4-Chlorophenyl-phenylet|  100.00 |     0.0000  |      100.00 |  100 |25-158| 

  | Chrysene               |  100.00 |     0.0000  |      100.00 |  100 |17-168| 

  | Dibenz(a,h)anthracene  |  100.00 |     0.0000  |      100.00 |  100 | D-227| 

  | 1,2-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 |32-129| 

  | 1,3-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 | D-172| 

  | 1,4-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 |20-124| 

  | 3,3'-Dichlorobenzidine |  100.00 |     0.0000  |      100.00 |  100 | D-262| 

  | 2,4-Dichlorophenol     |  100.00 |     0.0000  |      100.00 |  100 |39-135| 

  | Diethylphthalate       |  100.00 |     0.0000  |      100.00 |  100 | D-114| 

  | 2,4-Dimethylphenol     |  100.00 |     0.0000  |      100.00 |  100 |32-119| 

  | Dimethylphthalate      |  100.00 |     0.0000  |      100.00 |  100 | D-112| 

  | Di-n-butylphthalate    |  100.00 |     0.0000  |      100.00 |  100 | 1-118| 

  | 4,6-Dinitro-2-methylphe|  100.00 |     0.0000  |      100.00 |  100 | D-181| 

  | 2,4-Dinitrophenol      |  100.00 |     0.0000  |      100.00 |  100 | D-191| 

  | 2,4-Dinitrotoluene     |  100.00 |     0.0000  |      100.00 |  100 |39-139| 

  | 2,6-Dinitrotoluene     |  100.00 |     0.0000  |      100.00 |  100 |50-158| 

  | Di-n-octylphthalate    |  100.00 |     0.0000  |      100.00 |  100 | 4-146| 

  | Fluoranthene           |  100.00 |     0.0000  |      100.00 |  100 |26-137| 

  | Fluorene               |  100.00 |     0.0000  |      100.00 |  100 |59-121| 

  | Hexachlorobenzene      |  100.00 |     0.0000  |      100.00 |  100 | D-152| 

  | Hexachlorobutadiene    |  100.00 |     0.0000  |      100.00 |  100 |24-116| 

  | Hexachlorocyclopentadie|  100.00 |     0.0000  |      100.00 |  100 |15- 70| 

  | Hexachloroethane       |  100.00 |     0.0000  |      100.00 |  100 |40-113| 

  | Indeno(1,2,3-cd)pyrene |  100.00 |     0.0000  |      100.00 |  100 | D-171| 

  | Isophorone             |  100.00 |     0.0000  |      100.00 |  100 |21-196| 

  | Naphthalene            |  100.00 |     0.0000  |      100.00 |  100 |21-133| 

  | Nitrobenzene           |  100.00 |     0.0000  |      100.00 |  100 |35-180| 

  | 2-Nitrophenol          |  100.00 |     0.0000  |      100.00 |  100 |29-182| 

  | 4-Nitrophenol          |  100.00 |     0.0000  |      100.00 |  100 | D-132| 

  | N-Nitroso-di-methylamin|  100.00 |     0.0000  |      100.00 |  100 |29- 66| 

  | N-Nitrosodiphenylamine |  100.00 |     0.0000  |      100.00 |  100 |23-100| 

  | N-Nitroso-di-n-propylam|  100.00 |     0.0000  |      100.00 |  100 | D-230| 

  | Pentachlorophenol      |  100.00 |     0.0000  |      100.00 |  100 |14-176| 

  | Phenanthrene           |  100.00 |     0.0000  |      100.00 |  100 |54-120| 

  | Phenol                 |  100.00 |     0.0000  |      100.00 |  100 | 5-112| 

  | Pyrene                 |  100.00 |     0.0000  |      100.00 |  100 |52-115| 

  | 1,2,4-Trichlorobenzene |  100.00 |     0.0000  |      100.00 |  100 |44-142| 

  | 2,4,6-Trichlorophenol  |  100.00 |     0.0000  |      100.00 |  100 |37-144| 

  |____________________________________________________________________________| 
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                           Table 6 - BNA STANDARDS USED 
base/neutral mix (2000ppm)  acids mix (2000ppm) 

bis(2-Chloroethyl)ether  2,4-Dinitrophenol 

bis(2-Chloroisopropyl)ether  2-Methylphenol 

1,3-Dichlorobenzene  4-Methylphenol 

1,2-Dichlorobenzene  Benzoic acid 

1,4-Dichlorobenzene  4,6-Dinitro-2-methylphenol 

Hexachloroethane  4-Nitrophenol 

N-Nitroso-di-methylamine  2,4,5-Trichlorophenol 

N-Nitroso-di-n-propylamine  2,4,6-Trichlorophenol 

2,4-Dinitrotoluene  Phenol 

2,6-Dinitrotoluene  Pentachlorophenol 

Fluorene  2-Nitrophenol 

Dimethylphthalate  4-Chloro-3-methylphenol 

Hexachlorocyclopentadiene  2,4-Dichlorophenol 

Anthracene  2,4-Dimethylphenol 

4-Bromophenyl-phenylether  Benzoic acid 

Di-n-butylphthalate   

bis(2-Chloroethoxy)methane   

1,2-Diphenylhydrazine  semivoa misc. mix(2000ppm) 

Fluoranthene  Aniline 

Hexachlorobenzene  Benzyl alcohol 

N-Nitrosodiphenylamine  Carbazole 

Phenanthrene  4-Chloroaniline 

Hexachlorobutadiene  Dibenzofuran 

Isophorone  2-Methylnaphthalene 

Naphthalene  2-Nitroaniline 

Nitrobenzene  3-Nitroaniline 

1,2,4-Trichlorobenzene  4-Nitroaniline 

Acenaphthene  Pyridine 

Acenaphthylene   

2-Chloronaphthalene   

4-Chlorophenyl-phenylether  Benzidine mix (2000ppm) 

Diethylphthalate  Benzidine 

Benzo(a)anthracene  3,3’-Dichlorobenzidine 

Bis(2-ethylhexyl)phthalate   

Butylbenzylphthalate   

Chrysene  Individual or misc. mixes 

(2000/5000/20,000ppm) 

p-(Dimethylamino)azobenzene  Caprolactam 

Pyrene  Benzaldehyde 

Benzo(b)fluoranthene  Atrazine 

Benzo(k)fluoranthene  1,1’-Biphenyl 

Benzo(g,h,i)perylene  1,4-Dioxane 

Benzo(a)pyrene  1-methylnapthalene 

Dibenz(a,h)anthracene  2,6-dichlorophenol 

Di-n-octylphthalate  2,3,4,6-tetrachlorophenol 

Indeno(1,2,3-cd)pyrene   

 
BNA internals (2000ppm)  Acid surrogate (7500ppm) 

1,4-Dichlorobenzene-d4 (I.S)(1) 2-Fluorophenol (S) 

Naphthalene-d8 (I.S)(35)  Phenol-d6 (S) 

Acenaphthene-d10 (I.S) (59)  2,4,6-Tribromophenol (S) 

Phenanthrene-d10 (I.S) (79)  2,-Chlorophenol-d4 (S) 

Chrysene-d12 (I.S) (92))  BN surrogate (5000ppm) 

Perylene-d12 (I.S) (101)  Nitrobenzene-d5 (S) 

  Terphenyl-d14 (S) 

  2-Fluorobiphenyl (S) 

  1,2-Dichlorobenzene-d4 (S) 



   

 

V:\Standard Operating Procedures\Current SOP File Directory\SOP201_R20_20100426.doc Page 25 of 29 

 

Table 7 INTERNAL STANDARD ASSOCIATION / QUANT MASS – 

Standard SVOC analysis 
COMPOUND *I.S Q.M COMPOUND *I.S Q.M 

1,4-Dichlorobenzene-d4 (I.S)(1) 152 Dimethylphthalate 59 163 

Acetophenone 1 105 Hexachlorocyclopentadiene 59 237 

Aniline 1 93 2,4-Dinitrophenol 59 184 

Benzaldehyde 1 106 2,4-Dinitrotoluene 59 165 

Benzyl alcohol 1 108 2,6-Dinitrotoluene 59 165 

bis(2-Chloroethyl)ether 1 93 Fluorene 59 166 

bis(2-Chloroisopropyl)ether 1 45 2-Nitroaniline 59 65 

1,3-Dichlorobenzene 1 146 3-Nitroaniline 59 138 

1,2-Dichlorobenzene 1 146 4-Nitroaniline 59 138 

1,4-Dichlorobenzene 1 146 4-Nitrophenol 59 65 

2-Methylphenol 1 108 2,4,5-Trichlorophenol 59 196 

4-Methylphenol 1 108 2,4,6-Trichlorophenol 59 196 

3-Methylphenol 1 108 2-Fluorobiphenyl (S) 59 172 

Phenol 1 94 Phenanthrene-d10 (I.S) (79)  188 

Pyridine 1 79 Anthracene 79 178 

Hexachloroethane 1 117 Atrazine 79 200 

N-Nitroso-di-methylamine 1 42 4-Bromophenyl-phenylether 79 248 

N-Nitroso-di-n-propylamine 1 70 Carbazole 79 167 

2-Fluorophenol (S) 1 112 Di-n-butylphthalate 79 149 

Phenol-d6 (S) 1 99 4,6-Dinitro-2-methylphenol 79 198 

Naphthalene-d8 (I.S)(35)  136 1,2-Diphenylhydrazine 79 77 

Benzoic acid 35 105 Fluoranthene 79 202 

bis(2-Chloroethoxy)methane 35 93 Hexachlorobenzene 79 284 

Caprolactam 35 113 N-Nitrosodiphenylamine 79 169 

4-Chloroaniline 35 127 Pentachlorophenol 79 266 

4-Chloro-3-methylphenol 35 107 Phenanthrene 79 178 

2,4-Dichlorophenol 35 162 2,4,6-Tribromophenol (S) 79 330 

2,4-Dimethylphenol 35 107 Chrysene-d12 (I.S) (92)  240 

Hexachlorobutadiene 35 225 Benzidine 92 184 

Isophorone 35 82 Benzo(a)anthracene 92 228 

2-Methylnaphthalene 35 141 Bis(2-ethylhexyl)phthalate 92 149 

Naphthalene 35 128 Butylbenzylphthalate 92 149 

Nitrobenzene 35 77 Chrysene 92 228 

2-Nitrophenol 35 139 3,3’-Dichlorobenzidine 92 252 

1,2,4-Trichlorobenzene 35 180 p-(Dimethylamino)azobenzene 92 225 

Catechol 35 110 Pyrene 92 202 

Nitrobenzene-d5 (S) 35 82 Terphenyl-d14 (S) 92 244 

Acenaphthene-d10 (I.S) (59)  164 Perylene-d12 (I.S) (101)  264 

Acenaphthene 59 153 Benzo(b)fluoranthene 101 252 

Acenaphthylene 59 152 Benzo(k)fluoranthene 101 252 

1,1’-Biphenyl 59 154 Benzo(g,h,i)perylene 101 276 

2-Chloronaphthalene 59 162 Benzo(a)pyrene 101 252 

4-Chlorophenyl-phenylether 59 204 Dibenz(a,h)anthracene 101 278 

Dibenzofuran 59 168 Di-n-octylphthalate 101 149 

Diethylphthalate 59 149 Indeno(1,2,3-cd)pyrene 101 276 

I.S=internal standard, Q.M=quant mass, S=surrogate   

 



   

 

V:\Standard Operating Procedures\Current SOP File Directory\SOP201_R20_20100426.doc Page 26 of 29 

 

Table 7 INTERNAL STANDARD ASSOCIATION / QUANT MASS –  

Standard SVOC analysis (contd) 
COMPOUND *I.S Q.M COMPOUND *I.S Q.M 

1,4-Dichlorobenzene-d4 (I.S)(1) 152 Diphenylamine 59 169 

Pentachloroethane 1 167 Thionazin 59 107 

2-Picoline 1 93  59  

N-Nitrosomethylethylamine 1 88  59  

Methyl methanesulfonate 1 80  59  

N-Nitrosodiethylamine 1 102  59  

Ethyl methanesulfonate 1 79  59  

N-Nitrosopyrrolodine 1 100  59  

N-Nitrosomorpholine 1 56  59  

0-Toluidine 1 106  59  

 1  Phenanthrene-d10 (I.S) (79)  188 

 1  4-Nitroquinoline-1-oxide 79 190 

 1  Phenacetin 79 108 

 1  4-Aminobiphenyl 79 169 

 1  Pentachloronitrobenzene 79 237 

 1  Sulfotepp 79 97 

 1  Phorate 79 75 

Naphthalene-d8 (I.S)(35)  136 Diallate 79 86 

1- Methylnaphthalene 35 141 Dimethoate 79 87 

N-Nitrosopiperidine 35 114 Pronamide 79 173 

a,a-Dimethylphenethylamine 35 58 Disulfoton 79 88 

O,O,O-Triethylphosphorothioate 35 97 Dinoseb 79 211 

Hexachloropropene 35 213  79  

2,6-Dichlorophenol 35 162  79  

p-Phenylenediamine 35 108 Chrysene-d12 (I.S) (92)  240 

N-Nitrosodi-n-butylamine 35 84 Methapyrilene 92 97 

Safrole 35 162 p-(Dimethylamino)azobenzene 92 225 

1,2,4,5-Tetrachlorobenzene 35 216 Chlorobenzilate 92 251 

 35  3,3’- Dimethylbenzidine 92 212 

 35  2- Acetylaminofluorene 92 181 

 35  7,12-Dimethylbenz[a]anthracene 92 256 

 35  Aramite 92 185 

 35  Methyl parathion 92 109 

 35  Parathion 92 109 

Acenaphthene-d10 (I.S) (59)  164 Isodrin 92 193 

Isosafrole 59 162 Kepone 92 272 

1,4-Naphthoquinone 59 158 Famphur 92 218 

Pentachlorobenzene 59 250 Perylene-d12 (I.S) (101) 101  

2-Naphthylamine 59 143 3-Methylcholanthrene 101 268 

1-Naphthylamine 59 143 Hexachlorophene 101 196 

2,3,4,6-Tetrachlorophenol 59 232  101  

5-Nitro-o-toluidine 59 152  101  

I.S=internal standard, Q.M=quant mass, S=surrogate   
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Table 8: LOW CONCENTRATION PAH INTERNAL STANDARD/SURROGATE SPECIFICATIONS 
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Table 9, DFTPP Tuning Criteria 

  

Mass Ion Abundance Criteria 

51 30-60% of mass 198 
68 <2% of mass 69 

70 <2% of mass 69 

127 40-60% of mass 198 

197 <1% of mass 198 

198 Base peak, 100% relative 

199 5-9% of mass 198 

275 10-30% of mass 198 

365 >1% of mass 198 

441 Present, but less than mass 443 

442 >40% of mass 198 

443 17-23% of mass 442 

Note:  While 8270D table 3 indicates different criteria, section 11.3.1.2 allows the use of 

alternate criteria. 
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Changes Summary 
 

Revision 23, 09/09/10 

• This SOP is an update from Revision 22 dated 09/30/09. 

• Tables 1 and 2 have been updated with appropriate reference updates. 

• Tables 5-7 have been added. 

 

Revision 22, 9/30/09 

• The SOP is an update from Revision 21 dated 09/11/08 

• The SOP is formatted to include all 22-elements required per the NELAC standards 

• The laboratory’s revision of all technical SOPs now includes a Table of Contents that 

provides the map of the technical information contained within the SOP. 

• Additional requirements, based upon the DoD QSM 4.1, have been integrated into the 

routine sample flow; however, if the requirement is different from routine sample flow, 

then the requirement is outlined and documented as such to be followed only when DoD 

samples are analyzed. 
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1. Identification of the Test Method 
 

1.1 This SOP is compliant with methods – EPA Method 624 and SW-846 Method 8260B 

 

2. Applicable Matrix or Matrices 
 

2.1 This SOP is applicable to – The analysis of volatile organic compounds in a variety of 

matrices including but not limited to soils, sediments, ground and surface waters, 

aqueous sludge, oily wastes, etc. 

 

3. Detection Limit: See Table 1 of this SOP. 

 

4. Scope of Application, Including components to be Analyzed 
 

4.1 This SOP is based primarily on SW-846 Method 8260B.  Methods SW-846 Method 

8000B; Federal Register Method 624; and CLP Method for Volatiles have also been 

used in the development of this SOP.  The analyses by these various methods are 

clearly defined in the respective regulatory manuals.  A good understanding of these 

different methods is essential to the performance of each method.  Each parameter 

that is analyzed and reported under the scope of this SOP is listed in Table 1 of this 

SOP.  When applicable, surrogate and Internal Standard Analytes are listed and 

indicated as such within this table. 

 

5. Summary of the Test Method 
 

5.1 After sample preparation, the sample is introduced into the GC/MS generally using 

purge and trap but sometimes using direct injection (see SW-846 Methods 5030B, 

5035 and 3585 for preparation).  In purge and trap, the analytes are stripped from the 

sample using helium and trapped on an adsorbent tube.  The tube is heated while 

being backflushed with helium to carry the analytes to the GC/MS system.  The 

analytes are separated in the gas chromatograph by a combination of the temperature 

program and the capillary column.  The analytes are then detected by the mass 

spectrometer.  Analytes are identified by comparing the mass spectra of known 

standards with the mass spectra of the sample.  Analytes are quantitated relative to 

known standards using the internal standard method. 

 

6. Definitions 
 

6.1 Laboratory Quality System SOP QS08 “Technical / Operational Definitions, 

Minimum Essential Quality Control Elements, and Laboratory Calibration 

Procedures” provides information on the commonly used definitions.   

 

7. Interferences 
 

7.1 Section 3.0 of SW-846 Method 8260B details interferences and potential problems 

which may be encountered when dealing with volatile analyses. 
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8. Safety 
 

8.1 Laboratory SOP QS13 “Safety Program & Chemical Hygiene Plan” discusses the 

safety program that is to be followed labwide. 

 

9. Equipment & Supplies 
 

9.1 GC : HP 5890 or 6890, temperature programmable, suitable for split or splitless 

injection. 

9.2 Column: DB-VRX 60 meter x 0.25 mm I.D. 1.4 µm film thickness or 20 meter x 0.18 

mm ID 1.0 µm film thickness silicon coated fused silica capillary column or 

equivalent. 

9.3 M.S.: HP 5971, 5972 or 5973 capable of scanning 35 to 500 amu every one second or 

less, using 70 volts electron energy in electron impact ionization mode.  The MS is 

capable of producing a mass spectrum for p-Bromofluorobenzene, BFB, which meets 

all tuning criteria for EPA methods [when 1 µL (50 ng) of the GC/MS tuning 

standard is introduced to the GC.] 

9.4 Purge and Trap Unit 

 

9.4.1 Concentrators: Tekmar LSC 2000 or Tekmar/Dohrmann 3000/3100 Sample 

Concentrator equipped with Supelco trap number 2-1066-U or 2-4920-U 

VOCARB 3000 providing good delivery for all target compounds. 

 

9.4.2    Autosamplers: Varian Archon 51 position programmable autosampler with 

5ml to 25ml water and heated soil capability. 

9.5 Acquisition Software:  HP chemstation system interfaced to the GC/MS.  The system 

acquires and stores data throughout the chromatographic programs. 

9.6 Data Processing Software:  TargetDB on Windows NT data system interfaced to the 

HP Chemstation.  The system accepts and stores acquired data.  It plots by extracted 

ion current profile (EICP).  The system is also capable of integrating the abundances 

of any EICP between specified time or scan-number limits.  NBS75K mass spectral 

library is installed. 

9.7 Microsyringes – 1.0, 5.0,10, 25, 100, 250, 500 and 1000 µL. 

9.8 Syringes – 5, 25 and 50 mL, gas-tight with Luer end. 

9.9 Balance - analytical, 0.0001 g; top-loading, 0.01 g. 

9.10 Disposable pasteur pipets. 

9.11 Volumetric flasks, Class A - 2 mL, 5 mL, 10 mL, 50 mL, 100 mL and 250 mL with 

ground-glass stoppers. 

9.12 Spatula - stainless steel. 

9.13 Glass scintillation vials - 20mL with screw caps. 

9.14   Nitrile Gloves 

         9.15   pH paper (measures pH from 0-14). 
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10. Reagents and Standards 
 

10.1 The laboratory’s LIMS system allows for complete documentation and for the 

traceability of reagents and standards used within the laboratory.  The following 

information relates to the specific reagents and standards used for the performance of 

the method: 

 

10.2 Organic-free reagent water - obtained from the charcoal filter system in the VOA 

laboratory. 

10.3  Methanol - Purge and trap grade (EM-Omnisolv EM-0482-6 or equivalent) 

10.4  Methanol - suitable for use in gas chromatography (B&J Omnisolv MX0484-       1, 

or equivalent) 

10.5 Sodium bisulfate, NaHSO4 – ACS reagent grade, or equivalent.  Available                 

from  Aldrich (Part No. 30,782-3).         

10.6  Stock standards are purchased in mixtures from reputable vendors.  The date  they are 

received is noted on the label.  The date they are opened is noted on the label and 

recorded in the LIMS system along with their lot number and vendor and given a 

sequential number.  Each standard label is completed with the standard number, 

name, preparation date, expiration date, solvent and analyst initials. Stock standards, 

when opened, have an expiration date of 6 months, except for gas standards for 

South Carolina samples which have a one week expiration date. All stocks and 

standards are stored in the freezer at a temperature of -15°C + 5°C or less from the 

date they are received/prepared.  The freezer temperature is monitored daily with a 

calibrated thermometer (annual calibration for liquid in glass and quarterly calibration 

for digital) and recorded with calibration correction in the VOA refrigerator/freezer 

logbook.  Makeup of common standards is detailed below.  See standard ID in LIMS 

system for makeup of other standards. 

 

10.6.1 The Bromofluorobenzene (BFB) tuning standard is prepared as follows:  

Using a 50µL syringe, 40µL of standard (BFB @ 2500ng/µL) is injected into 

a 2mL volumetric flask containing approximately 1.0mL P&T methanol 

(Vendor,Lot) and diluted to volume with same making a 50ng/µL standard.  

After capping and inverting 3 times, the solution is transferred to a labeled 

2ml, teflon-lined, screw-capped vial and stored in the freezer at -15°C + 5°C  

or less for up to 6 months (1 week for South Carolina samples).  A direct 

injection of 1µL (or equivalent purge) is used to tune the instrument. 

 

10.6.2 The internal and surrogate standards are prepared as follows:  Using the 

indicated syringe, the indicated amount of standard is injected into a 50 mL 

volumetric flask containing P&T methanol (Vendor,Lot) and diluted to 

volume with same making a 150ng/µL standard.  After capping and inverting 

3 times, the solution is transferred to the Archon standard vial and stored 

under helium for 1 month or less.  Each 8260/624 sample is automatically 

injected with 1µL of this standard. (The internal standard/surrogate solution 

may be replaced if the –50%-200% criteria fails in the CCV when calculated 

against the previous CCV.) 
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Standard 

 

Conc. 

(ng/µL) 

 

Syringe 

(µL) 

 

Amount 

(µL) 

    

8260 ISTD Mix 2500 1000 3000 

Surr. Mix 2500 1000 3000 

    

 

10.6.3 Calibration standards are prepared from the vendor stock standards at 

appropriate concentrations as follows. Occasionally unusual compounds are 

added to the mix so it is best to check the LIMS for exact standard makeup. 

Note:  for laboratory control spikes (LCS), alternate sources or lot numbers 

from the main calibration standard are used to make the LCS standard.   

 

10.6.3.1  Primary Standard:  Using the indicated syringe, the indicated amount 

of standard is injected into a 2mL volumetric flask containing 

approximately 1.0mL P&T methanol (Vendor,Lot) and diluted to 

volume with same to make a 100-500ng/µL standard.  After capping 

and inverting 3 times, the solution is transferred into 2ml amber vial 

w/mini-inert valve and stored in the freezer at -15°C + 5°C for 1 

week.  A 100µg/L (5mL purge) standard is made using 50µL of this 

standard to 50mLof reagent water. 

 

 

Stock Standard(CCV) 

 

Conc 

(ng/µL) 

 

Syringe(µL) 

 

Amount(µL) 

 

    Final Conc 

 (ng/µL) 

2-CEVE (Cat#30265)  20000 25 20 200 

Vinyl Acetate  (#3766)  5000 100 80 200 

Ketones  (cat#30006)  5000 100 80 200 

Liquid mix (C-349H-07)  2000 100 100 100 

Custom mix (CCS-1037)  5000 50 40 100 

Gases (cat#30042)  2000 100 100 100 

Acrolein/Acrylonitrile (CC2098.10)  20,000 50 50 500 
         Additional compounds may be added such as Appendix IX. Refer to standard ID in LIMS system. 

 

10.6.4 ICV/LCS/Matrix Spike Mix: A second source standard is used to check the 

validity of the gas and primary calibration standards used in analyzing the 

calibration curve.  Using the indicated syringe, the indicated amount of 

standard is injected into a 2mL volumetric flask containing approximately 

1.0mL P&T methanol (Vendor,Lot) and diluted to volume with same to make 

a 100-500ng/µL standard.  After capping and inverting 3 times, the solution is 

transferred into 2ml amber vial w/mini-inert valve and stored in the freezer at 

-15°C + 5°C for 1 week.  A 50µg/L ICV/LCS/Matrix Spike is made using 

25µL of this standard to 50mL of reagent water/Sample Matrix. 
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Stock Standard(ICV/LCS) 

 

Conc 

(ng/µL) 

 

Syringe(µL) 

 

Amount(µL) 

 

    Final Conc 

 (ng/µL) 

2-CEVE 20,000 25 20 200 

Vinyl Acetate 5000 100 80 200 

Ketones 5000 100 80 200 

Liquid mix  2000 100 100 100 

Custom Mix 5000 50 40 100 

Gases  2000 100 100 100 

Acrolein/Acrylonitrile   50,000 50 50 500 

 

 

11. Sample Collection, Preservation, Shipment, and Storage 
 

11.1 Quality Systems SOP QS10 related to Sample Receipt, Handling, & Processing 

provides details for collection, preservation, shipment, and storage.   

11.2 All water samples are stored in the “True” refrigerator in the VOA lab at a 

temperature of 4°C.  All unpreserved soil samples in TerraCore or encores are stored in 

the freezer in the VOA lab.  All soil samples in bulk jars or chemically preserved 

TerraCore are stored in the soil walk-in refrigerator at a temperature of 4°C.  Non-

preserved water volatile samples have a holding time of 7 days from date of sampling.  

Preserved water samples and soil volatile samples have a holding time of 14 days from 

date of sampling (unless otherwise specified for the project).  The temperature is 

monitored daily with a calibrated thermometer (annual calibration for liquid in glass 

and quarterly calibration for digital) and recorded with calibration correction in the 

VOA refrigerator/freezer logbook.  The weekend temperature is monitored with a 

Min/Max thermometer and recorded upon arrival next business day. 

 

12. Quality Control 
 

12.1 Quality Systems SOP QS08 “Technical / Operational Definitions, Minimum Essential 

Quality Control Elements, and Laboratory Calibration Procedures” outlines details 

related to laboratory wide protocols on quality control.   

12.1 Internal Standards - All samples and QC are spiked with internals.  See Table 2 for 

acceptance criteria and corrective action. 

12.2 Surrogates - All samples and QC are spiked with surrogates.  See Table 2 of this SOP 

for acceptance criteria and corrective action.   

12.3 LCS Sample - An LCS is analyzed every 12 hour tune.  To prepare the LCS, a blank 

is spiked with standards prepared from an alternate vendor or lot number from the 

calibration standards. Note:  the concentration of the LCS will be 20 µg/L when 

analyzing 624 samples (QC Check Sample).  See Table 2 of this SOP for acceptance 

criteria and corrective action. When analyzing samples for South Carolina the 

limits are 70-130% except for poor purgers which are 60-140%. 

12.4 Method Blanks - A method blank is analyzed every 12 hour tune.  See Table 2 of this 

SOP for acceptance criteria and corrective action..  

12.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are spiked 

for an MS/MSD with the LCS standard.  See Table 2 of this SOP for acceptance 
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criteria and corrective action.  MS data evaluation must include the consideration of 

the following factors.  

 

12.5.1 Sample matrix - If the sample is a soil, grab sample or sequentially collected 

water sample it may affect the %R and RPD of the MS/MSD.  A water sample 

which was taken from the same VOA vial for the original sample and the 

MS/MSD should have very good RPDs unless there has been a method 

problem.  Corrective action must be taken in the form of reanalysis if a 

method problem is indicated. 

 

12.5.2 Original sample concentration - If a spiked compound has a problem and the 

concentration of that compound in the original sample was four or more times 

the concentration of the spike, no further corrective action may be necessary 

other than the generation of a corrective action report to document the 

problem. 

 

12.5.3 MS vs. MSD - If a spiked compound has a problem in both the MS and MSD, 

review the LCS and if acceptable no further action may be necessary since it 

is attributable to matrix effect. 

 

12.5.4 Non-target Interference - The presence of significant non-target interference 

should be brought to the immediate attention of your supervisor who should 

discuss the problem with the client/project manager to determine the action to 

be taken. 

 

13. Calibration and Standardization 
 

13.1 Quality Systems SOP QS08 “Technical / Operational Definitions, Minimum 

Essential Quality Control Elements, and Laboratory Calibration Procedures” related 

to Calibration Procedures provides laboratory wide protocols for calibration and 

standardization. 

13.2 Chromatographic conditions – Refer to corresponding instrument maintenance log for 

current gas chromatograph, mass spectrometer, and concentrator conditions. 

 

13.3 System Bakeout - Prior to analysis an instrument blank is analyzed. 

 

  NOTE: Further cleaning may be accomplished by backflushing the lines with 

methanol and then analyzing blanks overnight. 

13.4 Tuning - Prior to any calibration or analysis, BFB tuning criteria 

must be met for a 1.0µL injection of the tuning standard.  See Table 5 of this SOP 

for acceptance criteria.  Tune must be met every 12 hours sample analysis is to be 

performed (every 24 hours for Federal Register Method 624 except for South 

Carolina which only allows 12 hours). The mass spectrum of BFB is acquired as 

follows: by using the BFB method in Target (which uses three scans with backround 

subtraction) to process the BFB data file.  If the BFB tune does not pass criteria 

corrective action should be taken 

13.5 Calibration:  Calibration standards are made up in water using the appropriate 

amount of the methanol standard.  See the LIMS for preparation of standards.  

Calibration for soils for South Carolina requires that 5mL of sodium bisulfate 
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solution is added to each calibration standard made if the samples will be 
preserved with sodium bisulfate.  All manual calibration integrations must be 

approved by the section manager or designated peer reviewer. 

 

13.5.1 Initial Calibration - An initial calibration curve at no less than five (six if 

using a quadratic curve fit) concentration levels must be analyzed and shown 

to meet the initial calibration criteria before any sample analysis may be 

performed.  For Arizona samples the surrogates must also be calibrated at 

a minimum of five concentrations. See Table 2 of this SOP for acceptance 

criteria and corrective action.  The lowest standard must be less than or equal 

to the reported quantitation limit and the highest standard must not exceed the 

linear range of the detector. Any manual integrations are documented by 

inclusion of the integrated signals (before and after manual integration) 

initialed, dated, and reason with the quantitation report and chromatograms. 

All manual calibration integrations must be approved by the section manager 

or designated peer reviewer Any response factors less than 0.050 must be 

supported by the mass spectrum of the lowest standard. No quadratic curves 

for South Carolina.  
 

CCCs: 1,1-Dichloroethene Toluene 

 Chloroform Ethylbenzene 

 1,2-Dichloropropane Vinyl chloride 

 

SPCCs: Chloromethane 0.10 

1,1-Dichloroethane 0.10 

Bromoform 0.10 

Chlorobenzene 0.30 

1,1,2,2-Tetrachloroethane 0.30 

 

13.5.2  Initial Calibration Verification (ICV) - A second source standard is prepared 

at or near the CCV concentration and calculated against the initial calibration 

curve, then shown to meet the calibration check criteria before any sample 

analysis may be performed.  See Table 2 of this SOP for acceptance criteria 

and corrective action.  Any manual integrations are documented by inclusion 

of the integrated signals (before and after manual integration) initialed, 

dated, and reason with the quantitation report and chromatograms. All manual 

ICV integrations must be approved by the section manager or designated peer 

reviewer. 

13.5.3 Continuing Calibration Verification (CCV) - A CCV is analyzed every 12 

hour tune and calculated against the initial calibration curve, then shown to 

meet the calibration check criteria before any sample analysis may be 

performed.  See Table 2 of this SOP for acceptance criteria and corrective 

action.   Any manual integrations are documented by inclusion of the 

integrated signals (before and after manual integration) initialed, dated, and 

reason with the quantitation report and chromatograms. All manual CCV 

integrations must be approved by the section manager or designated peer 

reviewer.  . 

NOTE:  Acceptance criteria for method 624 consists of meeting recovery 

limits found in table 5 of the method for a QC check sample.  This QC check 
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sample is made from a separate source or lot number than the calibration 

standard at a concentration of 20 µg/L. 

 

14. Procedure 

 

14.1 LCS - An LCS is analyzed every 12 hour tune.Using standards prepared from an 

alternate vendor or lot number, blank water is spiked at the 50 µg/L (5mL/soil) or 

10 µg/L (25mL) level.  See Table 2 of this SOP for acceptance criteria and corrective 

action.  Note:  the concentration of the LCS will be 20 µg/L when analyzing 624 

samples (QC Check Sample).  

14.2 Method Blank - Prior to sample analysis, the system must be shown to be free of 

contamination through analysis of a method blank.  See Table 2 of this SOP for 

acceptance criteria and corrective action. 

14.3 Sample Analysis - Prior to analysis, the samples are prepared for chromatography 

using the appropriate sample preparation method (5mL water, 25mL water, low soil, 

high soil, etc.)  See SOP 225 for preparation of a 5035 soil sample.  For a 5mL/25mL 

water sample, use the following procedure: 

 

14.3.1 Load the vial into the Archon autosampler in the expected position.  

 

14.3.2 Program the Archon for the loaded vial range and necessary dilutions, making 

sure the programmed method is set for the same volume as the purge vessel on 

the front of the LSC 2000 or 3000/3100 and that the Chemstation sequence 

matches the Archon sequence.  Note:  TCLP samples are analyzed at a 10x 

dilution. One TCLP sample is spiked per batch at receipt of leachates. 

 

14.3.3 After analysis of the sample has been completed, check the pH of the sample 

using pH paper and verify it to be less than a pH of 2 (recorded on the 

sequence log).  If it is not, record the pH on the sequence log and generate a 

non-conformance report.  The sample report will have to be qualified for 

preservation if the analysis is being performed more than 7 days after 

sampling.  [Note:  TCLP samples do not require a pH check.] 

14.4  Instrument sequence  

       An example of a typical instrument sequence log follows: 

1-BFB Tune (12:00 am)  

2-CCV 

3-LCS 

4-Method Blank  

5-Sample 

6-Sample 

7-Sample 

8-Sample 

9-Sample 

10-Sample 

11-Sample 

12-Sample 

13-Sample 

14-Sample 
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15-Sample 

16-Sample 

17-Sample MS 

18-Sample MSD 

19-BFB (12:00pm - 12 hours since last BFB/CCV) 

20-CCV 

21-LCS 

22-Method Blank 

23-Sample 

24-Sample 

14.5 Data Reduction/Evaluation - Each sample analysis sequence is documented using the 

computer run log generated on the chemstation.  This run log is signed, dated and 

paginated then placed in a 3 ring binder for that instrument.  After the sample has 

been analyzed, the data is processed through the TargetDB on Windows NT data 

system.  Quantitative measurements are performed using the calculations found in 

section 15.2 of this SOP.  The following must be checked to determine if the sample 

will need any reanalysis or dilution.  See Table 2 of this SOP for acceptance criteria 

and corrective action.  Formal data evaluation is detailed in SOP QS05. See SOP 

QS07 for guidance on manual integrations. 
 

14.5.1 Internal Standards - Areas counts and retention times. 

 

14.5.2 Surrogates – Recoveries and retention times. 

         Federal Register Method 624 contains no criteria for surrogate recovery.  
 

Surrogate WATER SOIL 

Dibromofluoromethane 85-120 80-125 

1,2-Dichloroethane-d4 85-135 75-140 

Toluene-d8 85-115 80-120 

Bromofluorobenzene 80-120 80-125 

 

14.5.3  Analyte concentration.  

 

14.5.4 Qualitative identification based on spectrum and retention time. 

 

15. Data Analysis and Calculations 
 

15.1 Quality Systems SOP QS09 “General and Commonly used Laboratory Calculations” 

provides details on general calculations used throughout the laboratory. 

 

15.2 Calculations: 

 

15.2.1 The RF is calculated as follows: 

  

 

where: 

As  = Peak area (or height) of the analyte or surrogate. 

Ais  = Peak area (or height) of the internal standard. 

Cs  = Concentration of the analyte or surrogate. 

C x A

C x A
 = RF

sis

iss  
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Cis  = Concentration of the internal standard. 

15.2.2 Calibration verification involves the calculation of the percent drift (linear) or 

the percent difference (average) of the instrument response between the initial 

calibration and each subsequent analysis of the verification standard.  Use the 

equations below to calculate % Drift or % Difference, depending on the 

calibration procedure used. 

 

   (Calculated concentration – Theoretical concentration) * 100 

% Drift =     Theoretical Concentration 

 

where the calculated concentration is determined from the initial calibration 

and the theoretical concentration is the concentration at which the standard 

was prepared. 

 

    (CCV RF – Average RF) * 100 

    % Difference =    Average RF 

 

where CCV RF is the response factor from the analysis of the verification 

standard and Average RF is the average response factor from the initial 

calibration. The % difference or % drift calculated for the calibration 

verification standard must be within ±20% for each CCC analyte, or  for all 

target analytes if the CCCs are not target analytes, before any sample analyses 

may take place. 

 

15.2.3   Concentration in water samples is calculated as follows:  [Note: Using the 

units specified here for these terms will result in a concentration in units of 

ng/mL, which is equivalent to ug/L.] 

 

 

 

 

where: 

As  = Area (or height) of the peak for the analyte in the sample. 

Ais = Area (or height) of the peak for the internal standard. 

Cis = Concentration of the internal standard in the  volume purged in ug/L.   

D  = Dilution factor, if the sample was diluted prior to analysis.  If no dilution 

was made, D = 1.  The dilution factor is always dimensionless. 

Vi  = For purge-and-trap analysis, Vi is not applicable and is set at 1. 

––
RF = Mean response factor from the initial calibration.  

Vs  = Volume of the aqueous sample purged (mL).  If units of liters are used 

for this term, multiply the results by 1000. 

 

15.2.4  Concentration in non-aqueous samples is calculated as follows:  [Note: Using 

the units specified here for these terms will result in a concentration in units of 

ng/g, which is equivalent to ug/kg.] 

 

 

 

 

)(1000)V)(RF)(A(

)V)(D)(C)(A(
 = g/L)(ion Concentrat

sis

iiss
µ  

)(1000)W)(RF)(A(

)V)(D)(C)(A(
 = g/kg)(ion Concentrat

sis

iiss
µ  
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where:  As, Ais, Cis, D, and 
––
RF are the same as for aqueous samples.  

Ws =   Weight of sample extracted (g).  Either a dry weight or wet weight 

may be used, depending upon the specific application of the data.  If 

units of kilograms are used for this term, multiply the results by 1000. 

16. Method Performance 

 

16.1 Demonstration of Capability (DOC):  Each analyst must perform a DOC prior to 

reporting data.  The analyst must prepare (for prep technicians) and analyze (analysts 

reviewing and reporting data) 4-LCS samples.  The data is calculated for accuracy 

and precision requirements.  The DOC form is completed by each analyst and then 

provided to the supervisor for further processing and approval. See Table 2 for 

acceptance criteria.   

 

17. Pollution Prevention 

 

17.1  Quantity of chemicals purchased should be based on expected usage during its shelf-

life and the disposal cost of unused material. Actual reagent preparation volumes 

should reflect anticipated usage and reagent stability. 

 

18. Data Assessment and Acceptance Criteria for Quality Control Measures 

 

18.1 Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  

Laboratory Non-Conformance / Corrective Action Procedures, Decision Making 

Guidelines for Evaluating Laboratory Analytical Sample and Quality Control 

Results”, provides details on data assessment and acceptance criteria for Quality 

Control Measures.  Table 2 of this SOP provides information on QC samples, 

frequency, and the associated criteria specific to the performance of this method. 

 

19. Contingencies for Handling out-of-control or unacceptable data 

 

19.1 Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  

Laboratory Non-Conformance / Corrective Action Procedures, Decision Making 

Guidelines for Evaluating Laboratory Analytical Sample and Quality Control 

Results”, provides details on handling out of control data.  Table 2 within this SOP 

also lists corrective actions associated with the failure of the various QC samples 

employed for the performance of this method. 

 

20. Waste Management. 

 

20.1 Laboratory SOP QS14 on Waste Handling discusses general guidelines for the 

appropriate handling of wastes and the laboratory program on waste management. 

 

21. References 

21.1 40 CFR, Part 136; Appendix A 

21.2 Test Methods for Evaluating Solid Waste, SW-846, Third Edition and updates 

21.3 National Environmental Laboratory Accreditation Conference; CH. 5, 2001 

21.4 USACE, EM 200-1-3; Appendix 1; Shell, 2/2001 

21.5 DOD Quality Systems Manual for Environmental Laboratories version 3, 3/2005 
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21.6 DOD Quality Systems Manual for Environmental Laboratories version 4.1, 4/2009 

 

 

22. Tables, Diagrams, Flowcharts and Validation Data 
22.1 Table 1, all applicable parameters with the applicable 

DL(MDL)/LOD/LOQ(MRL). 

22.2 Table 2, QA/QC summary table  

22.3 Table 3, Technical Completeness / Accuracy Checklist 

22.4 Table 4, Data Reviewers Checklist(s) 

22.5 Table 5, BFB Tuning Criteria 

22.6 Table 6, Analyst Checklist 

22.7 Table 7, INTERNAL STANDARD ASSOCIATION  
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Table 1 – DL/LOD/LOQ 
 

Analyte MDL/DL LOD MRL/LOQ Units 

1,1,1,2-Tetrachloroethane 1.25 2.50 5.00 ug/Kg 

1,1,1-Trichloroethane (1,1,1-TCA) 1.25 2.50 5.00 ug/Kg 

1,1,2,2-Tetrachloroethane 1.25 2.50 5.00 ug/Kg 

1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113; Freon 113) 2.50 5.00 10.0 ug/Kg 

1,1,2-Trichloroethane 1.25 2.50 5.00 ug/Kg 

1,1-Dichloroethane (1,1-DCA) 1.25 2.50 5.00 ug/Kg 

1,1-Dichloroethene (1,1-DCE) 1.25 2.50 5.00 ug/Kg 

1,1-Dichloropropene 1.25 2.50 5.00 ug/Kg 

1,2,3-Trichlorobenzene 1.25 2.50 5.00 ug/Kg 

1,2,3-Trichloropropane 1.25 2.50 5.00 ug/Kg 

1,2,4-Trichlorobenzene 1.25 2.50 5.00 ug/Kg 

1,2,4-Trimethylbenzene 1.25 2.50 5.00 ug/Kg 

1,2-Dibromo-3-chloropropane (DBCP) 2.50 5.00 10.0 ug/Kg 

1,2-Dibromoethane (EDB) 1.25 2.50 5.00 ug/Kg 

1,2-Dichlorobenzene 1.25 2.50 5.00 ug/Kg 

1,2-Dichloroethane (EDC) 1.25 2.50 5.00 ug/Kg 

1,2-Dichloropropane 1.25 2.50 5.00 ug/Kg 

1,3,5-Trimethylbenzene 1.25 2.50 5.00 ug/Kg 

1,3-Dichlorobenzene 1.25 2.50 5.00 ug/Kg 

1,3-Dichloropropane 1.25 2.50 5.00 ug/Kg 

1,4-Dichlorobenzene 1.25 2.50 5.00 ug/Kg 

2,2-Dichloropropane 1.25 2.50 5.00 ug/Kg 

2-Butanone (Methyl ethyl ketone; MEK) 2.50 5.00 10.0 ug/Kg 

2-Chlorotoluene 1.25 2.50 5.00 ug/Kg 

2-Hexanone (Methyl butyl ketone; MBK) 1.25 2.50 5.00 ug/Kg 

4-Chlorotoluene 1.25 2.50 5.00 ug/Kg 

4-Methyl-2-pentanone (Methyl isobutyl ketone; MIBK) 1.25 2.50 5.00 ug/Kg 

Acetone 5.00 10.0 20.0 ug/Kg 

Acrolein 5.00 10.0 20.0 ug/Kg 

Acrylonitrile 5.00 10.0 20.0 ug/Kg 

Benzene 1.25 2.50 5.00 ug/Kg 

Bromobenzene 1.25 2.50 5.00 ug/Kg 

Bromochloromethane 1.25 2.50 5.00 ug/Kg 

Bromodichloromethane 1.25 2.50 5.00 ug/Kg 

Bromoform 1.25 2.50 5.00 ug/Kg 

Bromomethane 2.50 5.00 10.0 ug/Kg 

Carbon Disulfide 1.25 2.50 5.00 ug/Kg 

Carbon Tetrachloride 1.25 2.50 5.00 ug/Kg 

Chlorobenzene 1.25 2.50 5.00 ug/Kg 

Chloroethane 2.50 5.00 10.0 ug/Kg 

Chloroform 1.25 2.50 5.00 ug/Kg 

Chloromethane 2.50 5.00 10.0 ug/Kg 

cis-1,2-Dichloroethene (cis-1,2-DCE) 1.25 2.50 5.00 ug/Kg 

cis-1,3-Dichloropropene 1.25 2.50 5.00 ug/Kg 

Cyclohexane 1.25 2.50 5.00 ug/Kg 

Dibromochloromethane 1.25 2.50 5.00 ug/Kg 
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Analyte MDL/DL LOD MRL/LOQ Units 

Dibromomethane 1.25 2.50 5.00 ug/Kg 

Dichlorodifluoromethane (CFC-12) 2.50 5.00 10.0 ug/Kg 

Ethyl methacrylate 1.25 2.50 5.00 ug/Kg 

Ethylbenzene 1.25 2.50 5.00 ug/Kg 

Hexachlorobutadiene 1.25 2.50 5.00 ug/Kg 

Iodomethane 5.00 10.0 20.0 ug/Kg 

Isopropylbenzene (Cumene) 1.25 2.50 5.00 ug/Kg 

Methyl Acetate 2.50 5.00 10.0 ug/Kg 

Methyl methacrylate 1.25 2.50 5.00 ug/Kg 

Methyl Tertiary Butyl Ether (MTBE) 1.25 2.50 5.00 ug/Kg 

Methylcyclohexane 1.25 2.50 5.00 ug/Kg 

Methylene Chloride, or Dichloromethane 2.50 5.00 10.0 ug/Kg 

Naphthalene 1.25 2.50 5.00 ug/Kg 

n-Butylbenzene 1.25 2.50 5.00 ug/Kg 

n-Propylbenzene 1.25 2.50 5.00 ug/Kg 

p-Isopropyltoluene 1.25 2.50 5.00 ug/Kg 

sec-Butylbenzene 1.25 2.50 5.00 ug/Kg 

Styrene 1.25 2.50 5.00 ug/Kg 

tert-Butylbenzene 1.25 2.50 5.00 ug/Kg 

Tetrachloroethene (PCE; PERC) 1.25 2.50 5.00 ug/Kg 

Toluene 1.25 2.50 5.00 ug/Kg 

trans-1,2-Dichloroethene (trans-1,2-DCE) 1.25 2.50 5.00 ug/Kg 

trans-1,3-Dichloropropene 1.25 2.50 5.00 ug/Kg 

Trichloroethene (TCE) 1.25 2.50 5.00 ug/Kg 

Trichlorofluoromethane (CFC-11) 2.50 5.00 10.0 ug/Kg 

Vinyl acetate 2.50 5.00 10.0 ug/Kg 

Vinyl Chloride (VC) 2.50 5.00 10.0 ug/Kg 

m,p-Xylene 2.50 5.00 10.0 ug/Kg 

o-Xylene 1.25 2.50 5.00 ug/Kg 

1,1,1,2-Tetrachloroethane 0.25 0.50 1.00 ug/L 

1,1,1-Trichloroethane (1,1,1-TCA) 0.25 0.50 1.00 ug/L 

1,1,2,2-Tetrachloroethane 0.25 0.50 1.00 ug/L 

1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113; Freon 113) 0.50 1.00 2.00 ug/L 

1,1,2-Trichloroethane 0.25 0.50 1.00 ug/L 

1,1-Dichloroethane (1,1-DCA) 0.25 0.50 1.00 ug/L 

1,1-Dichloroethene (1,1-DCE) 0.25 0.50 1.00 ug/L 

1,1-Dichloropropene 0.25 0.50 1.00 ug/L 

1,2,3-Trichlorobenzene 0.25 0.50 1.00 ug/L 

1,2,3-Trichloropropane 0.50 1.00 2.00 ug/L 

1,2,4-Trichlorobenzene 0.25 0.50 1.00 ug/L 

1,2,4-Trimethylbenzene 0.25 0.50 1.00 ug/L 

1,2-Dibromo-3-chloropropane (DBCP) 0.50 1.00 2.00 ug/L 

1,2-Dibromoethane (EDB) 0.25 0.50 1.00 ug/L 

1,2-Dichlorobenzene 0.25 0.50 1.00 ug/L 

1,2-Dichloroethane (EDC) 0.25 0.50 1.00 ug/L 

1,2-Dichloropropane 0.25 0.50 1.00 ug/L 

1,3,5-Trimethylbenzene 0.25 0.50 1.00 ug/L 

1,3-Dichlorobenzene 0.25 0.50 1.00 ug/L 

1,3-Dichloropropane 0.25 0.50 1.00 ug/L 
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Analyte MDL/DL LOD MRL/LOQ Units 

1,4-Dichlorobenzene 0.25 0.50 1.00 ug/L 

1-Chlorohexane 0.50 1.00 2.00 ug/L 

2,2-Dichloropropane 0.25 0.50 1.00 ug/L 

2-Butanone (Methyl ethyl ketone; MEK) 2.50 5.00 10.0 ug/L 

2-Chloroethyl vinyl ether 1.25 2.50 5.00 ug/L 

2-Chlorotoluene 0.25 0.50 1.00 ug/L 

2-Hexanone (Methyl butyl ketone; MBK) 1.25 2.50 5.00 ug/L 

4-Chlorotoluene 0.25 0.50 1.00 ug/L 

4-Methyl-2-pentanone (Methyl isobutyl ketone; MIBK) 1.25 2.50 5.00 ug/L 

Acetone 2.50 5.00 10.0 ug/L 

Acrolein 1.25 2.50 5.00 ug/L 

Acrylonitrile 2.50 5.00 10.0 ug/L 

Benzene 0.25 0.50 1.00 ug/L 

Bromobenzene 0.25 0.50 1.00 ug/L 

Bromochloromethane 0.25 0.50 1.00 ug/L 

Bromodichloromethane 0.25 0.50 1.00 ug/L 

Bromoform 0.25 0.50 1.00 ug/L 

Bromomethane 0.50 1.00 2.00 ug/L 

Carbon Disulfide 0.25 0.50 1.00 ug/L 

Carbon Tetrachloride 0.25 0.50 1.00 ug/L 

Chlorobenzene 0.25 0.50 1.00 ug/L 

Chloroethane 0.50 1.00 2.00 ug/L 

Chloroform 0.25 0.50 1.00 ug/L 

Chloromethane 0.25 0.50 1.00 ug/L 

cis-1,2-Dichloroethene (cis-1,2-DCE) 0.25 0.50 1.00 ug/L 

cis-1,3-Dichloropropene 0.25 0.50 1.00 ug/L 

Cyclohexane 0.25 0.50 1.00 ug/L 

Dibromochloromethane 0.25 0.50 1.00 ug/L 

Dibromomethane 0.25 0.50 1.00 ug/L 

Dichlorodifluoromethane (CFC-12) 0.50 1.00 2.00 ug/L 

Di-isopropyl ether 0.25 0.50 1.00 ug/L 

ETBE 0.25 0.50 1.00 ug/L 

Ethyl methacrylate 0.25 0.50 1.00 ug/L 

Ethylbenzene 0.25 0.50 1.00 ug/L 

Hexachlorobutadiene 0.25 0.50 1.00 ug/L 

Iodomethane 0.25 0.50 1.00 ug/L 

Isopropylbenzene (Cumene) 0.25 0.50 1.00 ug/L 

Methyl Acetate 0.50 1.00 2.00 ug/L 

Methyl methacrylate 0.25 0.50 1.00 ug/L 

Methyl Tertiary Butyl Ether (MTBE) 0.25 0.50 1.00 ug/L 

Methylcyclohexane 0.25 0.50 1.00 ug/L 

Methylene Chloride, or Dichloromethane 0.50 1.00 2.00 ug/L 

Naphthalene 0.25 0.50 1.00 ug/L 

n-Butylbenzene 0.25 0.50 1.00 ug/L 

n-Propylbenzene 0.25 0.50 1.00 ug/L 

p-Isopropyltoluene 0.25 0.50 1.00 ug/L 

sec-Butylbenzene 0.25 0.50 1.00 ug/L 

Styrene 0.25 0.50 1.00 ug/L 

t-Butyl alcohol 1.25 2.50 5.00 ug/L 
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Analyte MDL/DL LOD MRL/LOQ Units 

tert-Amyl methyl ether 2.50 5.00 10.0 ug/L 

tert-Butylbenzene 0.25 0.50 1.00 ug/L 

Tetrachloroethene (PCE; PERC) 0.25 0.50 1.00 ug/L 

Tetrahydrofuran 1.25 2.50 5.00 ug/L 

Toluene 0.25 0.50 1.00 ug/L 

trans-1,2-Dichloroethene (trans-1,2-DCE) 0.25 0.50 1.00 ug/L 

trans-1,3-Dichloropropene 0.25 0.50 1.00 ug/L 

Trichloroethene (TCE) 0.25 0.50 1.00 ug/L 

Trichlorofluoromethane (CFC-11) 0.50 1.00 2.00 ug/L 

Vinyl acetate 1.25 2.50 5.00 ug/L 

Vinyl Chloride (VC) 0.50 1.00 2.00 ug/L 

m,p-Xylene 0.50 1.00 2.00 ug/L 

o-Xylene 0.25 0.50 1.00 ug/L 
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Table 2. Organic Analysis by Gas Chromatography/Mass Spectrometry (Method 8260B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Demonstrate 

acceptable 

analytical 

capability 

Prior to using any test 

method and at any time there 

is a significant change in 

instrument type, personnel, 

test method, or sample 

matrix. 

QC acceptance criteria 

published by DoD, if 

available; otherwise, 

method-specific criteria. 

Recalculate results; locate 

and fix problem, then rerun 

demonstration for those 

analytes that did not meet 

criteria (see Section C.1.f of 

DoD QSM 4.1). 

NA. This is a demonstration of 

analytical ability to generate 

acceptable precision and bias 

per the procedure in 

Appendix C.  No analysis 

shall be allowed by analyst 

until successful 

demonstration of capability 

is complete. 

MDL 

determination  

Initial method demonstration 

required for some states – 

not required for DoD 

Refer to SOP QS09.    

LOD determination 

and verification 

Prior to initial analysis then 

quarterly verification. 

See Box D-13 of DoD QSM 

4.1 

   

LOQ establishment 

and verification 

Prior to initial analysis then 

quarterly verification. 

See Box D-14 of DoD QSM 

4.1 

   

Tuning  Prior to ICAL and at the 

beginning of each 12-hour 

period. 

Refer to table 5 of this SOP. Retune instrument and 

verify.  Rerun affected 

samples. 

Flagging criteria are not 

appropriate. 

Problem must be corrected.  

No samples may be accepted 

without a valid tune. 

Minimum five-

point initial 

calibration (ICAL) 

for all analytes  

ICAL prior to sample 

analysis. 

1. Average response factor 

(RF) for SPCCs:   

VOCs ≥ 0.30 for 

chlorobenzene and 1,1,2,2-

tetrachlorolethane; ≥ 0.1 for 

chloromethane, bromoform, 

and 1,1-dichloroethane.  

 

2. RSD for RFs for CCCs:  

VOCs ≤ 30% and one option 

below: 

Option 1: RSD for each 

analyte ≤ 15%;                             

Option 2: linear least 

squares regression r ≥ 0.995;                                              

Option 3: non-linear 

regression–coefficient of 

determination (COD) r2 ≥ 

0.99 (6 points shall be used 

for second order, 7 points 

shall be used for third order). 

Correct problem then repeat 

ICAL. 

Flagging criteria are not 

appropriate. 

Problem must be corrected.  

No samples may be run until 

ICAL has passed.  

Calibration may not be 

forced through the origin for 

DoD projects. 
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Table 2.  Organic Analysis by Gas Chromatography/Mass Spectrometry (Methods 8260B) (continued) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Second source 

calibration 

verification (ICV)  

Once after each ICAL. All project analytes within ± 20% of true 

value. 

[± 25% for non-DoD 8260B;] 

Correct problem and 

verify second source 

standard.  Rerun second 

source verification.  If 

that fails, correct problem 

and repeat ICAL. 

Flagging criteria are not 

appropriate. 

Problem must be 

corrected.  No samples 

may be run until 

calibration has been 

verified. 

Retention time 

window position 

establishment for 

each analyte and 

surrogate  

Once per ICAL. Position shall be set using  the midpoint 

standard of the ICAL curve when ICAL is 

performed.  On days when ICAL is not 

performed, the sequence CCV is used. 

NA. NA.   

Evaluation of 

relative retention 

times (RRT) 

With each sample. RRT of each target analyte within ± 0.06 

RRT units.  

 

Note - retention times may be updated based 

on the CCV to account for minor 

performance fluctuations or after routine 

system maintenance (such as column 

clipping). 

Correct problem, then 

rerun ICAL. 

Flagging criteria are not 

appropriate. 

With each sample, the 

RRT shall be compared 

with the most recently 

updated RRT.  If the RRT 

has changed by more than 

±0.06 RRT units since the 

last update, this indicates 

a significant change in 

system performance and 

the laboratory must take 

appropriate corrective 

actions as required by the 

method and rerun the 

ICAL to reestablish the 

retention times. 

Continuing 

calibration 

verification 

(CCV) 

Daily before sample 

analysis and every 12 

hours of analysis time.   

1. Average RF for SPCCs: VOCs ≥ 0.30 for 

chlorobenzene and 1,1,2,2-tetrachlorolethane; 

≥ 0.1 for chloromethane, bromoform, and 

1,1-dichloroethane.  

 

2. %Difference/Drift for all target compounds 

and surrogates:  VOCs ≤ 20%D (Note: D = 

difference when using RFs or drift when 

using least squares regression or non-linear 

calibration). 

[± 20% for CCCs only non-DoD 8260B] 

DoD project level 

approval must be 

obtained for each of the 

failed analytes or 

corrective action must be 

taken.  

 

Correct problem, then 

rerun calibration 

verification.  If that fails, 

then repeat ICAL.  

Reanalyze all samples 

since last acceptable 

CCV. 

If reanalysis cannot be 

performed, data must be 

qualified and explained 

in the case narrative.  

Apply qualifier to all 

results for the specific 

analyte(s) in all samples 

since last acceptable 

CCV. 

[For non-DoD 8260B, if 

CCCs exceed, evaluate 

all analytes for 20%D 

and qualify as above] 

Problem must be 

corrected.  Results may 

not be reported without a 

valid CCV.  Flagging is 

only appropriate in cases 

where the samples cannot 

be reanalyzed, holding 

time has been exceeded 

or client has approved 

reporting. 
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Table 2.  Organic Analysis by Gas Chromatography/Mass Spectrometry (Methods 8260B) (continued) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Internal standards 

verification 

Every field sample, 

standard, and QC 

sample. 

Retention time ± 30 seconds from retention 

time of the midpoint standard in the ICAL or 

daily CCV; EICP area within -50% to +100% 

of ICAL midpoint standard or daily CCV. 

Inspect mass 

spectrometer and GC for 

malfunctions.  Reanalysis 

of samples analyzed 

while system was 

malfunctioning is 

mandatory.  

If corrective action fails 

in field samples, apply 

qulaifier to analytes 

associated with the non-

compliant IS.  Flagging 

criteria are not 

appropriate for failed 

standards. 

Sample results are not 

acceptable without a valid 

IS verification. 

Method blank One per preparatory 

batch. 

No analytes detected > ½ RL and > 1/10 the 

amount measured in any sample or 1/10 the 

regulatory limit (whichever is greater).  Blank 

result must not otherwise affect sample 

results.  For common laboratory 

contaminants, no analytes detected >RL/LOQ 

Correct problem.  If 

required, reprep and 

reanalyze method blank 

and all samples processed 

with the contaminated 

blank. 

If reanalysis cannot be 

performed, data must be 

qualified and explained 

in the case narrative.  

Apply B-flag to all 

results for the specific 

analyte(s) in all samples 

in the associated 

preparatory batch. 

Problem must be 

corrected.  Results may 

not be reported without a 

valid method blank.  

Flagging is only 

appropriate in cases 

where the samples cannot 

be reanalyzed. 

LCS containing 

all analytes to be 

reported, 

including 

surrogates 

One per preparatory 

batch. 

QC acceptance criteria specified by client or 

DoD (appendix G), if available.  Otherwise, 

use in-house control limits.  In-house control 

limits may  not be greater than ± 3 times the 

standard deviation of the mean LCS recovery.   

Correct problem, 

then reprep and reanalyze 

the LCS and all samples 

in the associated 

preparatory batch for 

failed analytes, if 

sufficient sample material 

is available. 

If reanalysis cannot be 

performed, data must be 

qualified and explained 

in the case narrative.  

Apply Q-flag to specific 

analyte(s) in all samples 

in the associated 

preparatory batch. 

Problem must be 

corrected.  Results may 

not be reported without a 

valid LCS.  Flagging is 

only appropriate in cases 

where the samples cannot 

be reanalyzed. 

Matrix Spike 

(MS) 

One per preparatory 

batch per matrix (see 

Box D-7). 

Use LCS criteria, above. Examine the project-

specific DQOs.  Contact 

the client as to additional 

measures to be taken. 

For the specific 

analyte(s) in the parent 

sample, apply qualifier 

if acceptance criteria are 

not met. 

For matrix evaluation 

only.  If MS results are 

outside the LCS limits, 

the data shall be 

evaluated to determine 

the source of difference 

and to determine if there 

is a matrix effect or 

analytical error. 

Matrix spike 

duplicate (MSD) 

or sample 

duplicate 

One per preparatory 

batch per matrix (see 

Box D-7). 

MSD:  For matrix evaluation, use LCS 

acceptance criteria above. 

 

MSD or sample duplicate:  RPD ≤ 30%  or 

client specified limit (between MS and MSD 

or sample and sample duplicate).   

Examine the project-

specific DQOs.  Contact 

the client as to additional 

measures to be taken. 

For the specific 

analyte(s) in the parent 

sample, apply qualifier 

if acceptance criteria are 

not met. 

The data shall be 

evaluated to determine 

the source of difference. 
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Table 2.  Organic Analysis by Gas Chromatography/Mass Spectrometry (Methods 8260B) (continued) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Surrogate spike  All field and QC 

samples. 
Surrogate WATER SOIL 

Dibromofluoromethane 85-120 80-125 

1,2-Dichloroethane-d4 85-135 75-140 

Toluene-d8 85-115 80-120 

Bromofluorobenzene 80-120 80-125 

QC acceptance criteria specified by DoD 

(above) or Client.  Otherwise, in-house 

control limits may be used.  No limits 

specified for Method 624. 

For QC and field samples, 

correct problem then 

reprep and reanalyze all 

failed samples for failed 

surrogates in the 

associated preparatory 

batch, if sufficient sample 

material is available.  If 

obvious chromatographic 

interference with 

surrogate is present, 

reanalysis may not be 

necessary. 

Apply qualifier to all 

associated analytes if 

acceptance criteria are 

not met. 

Alternative surrogates are 

recommended when there 

is obvious 

chromatographic 

interference. 

Results reported 

between DL and 

LOQ 

NA. NA. NA. Apply J-flag to all 

results between DL and 

LOQ. 
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Table 3, Technical Completeness / Accuracy Checklist 
 

1. Were all the QC check elements analyzed – refer to Table 2 of the SOP 

2. Were the QC criteria met 

3. In cases of failures, was there an NCR written 

4. Were all manual integrations signed 

5. Were dilution factors applied correctly 

6. Was there supervisory approval for manual integrations on standards and QC samples 

7. Was the data uploaded into LIMS via direct upload – if yes, then was a cross check subset of 

the uploaded values performed 

8. If the data was entered into LIMS manually, was a check of all entered values performed 

9. Was the red marked data in LIMS checked for accuracy and the corresponding hard copy 

data documented appropriately 

10. Were proper data qualifiers applied to the data in LIMS 

11. Was the hard copy package checked for completeness to include all data for the sequence 

such that the data reviewer could reconstruct sample analyses and validate / approve the data 

 

Table 4, Data Reviewers Checklist (Prior to approving data) 
1. Does the hard copy raw data (or electronic raw data) package look complete and include all 

data points 

2. Were QA objectives met and for failures were the appropriate actions taken 

3. For direct uploads to LIMS, did a subset cross check match the raw data 

4. Did all the manual entries into LIMS match the raw data 

5. Were there appropriate signatures and documentation on the raw data 

6. Were appropriate LIMS flags used 

7. Were manual integrations signed 

8. Were manual integrations for calibration and QC samples approved by supervisor 

9. Were manual calculations verified 

 

 

Table 5, Tuning Criteria 
m/z Required Intensity (relative abundance)  
50 15 to 40% of m/z 95 

75 30 to 60% of m/z 95 

95 Base peak, 100% relative abundance 

96 5 to 9% of m/z 95 

173 Less than 2% of m/z 174 

174 Greater than 50% of m/z 95 

175 5 to 9% of m/z 174 

176 Greater than 95% but less than 101% of m/z 174 

177 5 to 9% of m/z 176 
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Table 6, ANALYST DATA REVIEW CHECKLIST 

Sample Number(s): 

Batch Number(s): 

Method: 8260B/624/8270C/8270D/625 (Circle One) 

 
 

QA/QC Item 

 

Yes 

 

No 

 

NA 

Second Level 

Review 

 

1.  Is the BFB/DFTPP tune performed every 12 hours and is the tuning criteria 

met? 

 

 

 

 

 

 

 

 

 

Are the RRFs and % RSDs within QC limits for appropriate   analytes for the 

initial calibration? Check the retention times for compounds with the same 

spectra. Check compounds with different conc.( e.g. m/p-xylene, ketones, etc.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     3.  Was the initial calibration curve verified by a second source calibration 

standard (ICV) and have criteria been met? 

 

 

 

 

 

 

 

 

 

 

 

 

 

     4.  Does the Continuing Calibration Standard (CCV) meet the criteria for the 

CCCs, SPCCs and/or 20%D for all analytes. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     5.  Is the Method Blank run at the desired frequency and is its concentration 

for target analytes less than the MDLs? 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     6.  Are the LCS, MS, MSD within control limits and run at the desired 

frequency? 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

     7.  Are all sample holding times met, analytes within calibration range, IS 

areas and surrogate recoveries within QC limits? 

 

 

 

 

 

 

 

 

 

 

 

 

 

     8.  Were the Method Blank, LCS, MS, MSD and samples uploaded to the 

LIMS and verified (at least one calculation per batch uploaded)? 

     

 

Comments on any “No” response: 

 

 

 

 

 

 

Primary-Level Review:  Date:  

    

Second-Level Review:  Date:  
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Table 7, Internal Standard Association 
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GC/ECD 
CHLORINATED ACID HERBICIDES 

BY EPA METHOD SW-846 8151A 
 
1.0  SCOPE AND APPLICATION 
 
This SOP (based primarily on SW-846 Method 8000B/8151A) is used for the analysis of herbicide organic compounds in a 
variety of matrices (soils, sediments, waters, etc.). The analyses by these methods are clearly defined in the respective 
regulatory manuals.  A good understanding of these methods is essential to the performance of each method.  The normal 
laboratory list of analytes with their matrix (aqueous/non-aqueous) LCS limits are found attached in the appendix (page 10).  
Other compounds may be analyzed by this SOP as detailed in section 1.0 of SW-846 Method 8151A.  Any questions left by 
this SOP should be answered by reading the methods, paying close attention to SW-846 8000B/8151A.  If questions still 
remain unanswered, check with the Organic  Manager, QA/QC Officer and/or Technical Director. 
 
2.0  METHOD SUMMARY 
 
After sample preparation using the appropriate extraction technique, the sample is introduced into the GC using direct 
injection.  The analytes are separated in the gas chromatograph by a combination of the temperature program and the 
capillary column.  The analytes are then detected by the ECD.  Analytes are identified and confirmed based on the retention 
time of known standards then quantitated relative to known standards using the external standard method. 
 
3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 
 
Section 3.0 and tables 3-1 and 3-2 of the Empirical Laboratories Quality Assurance Manual include details concerning 
sample preservation, containers and handling of samples and extracts.  All water and soil samples are stored in the 
appropriate walk-in cooler at a temperature of 1°C – 4.4°C. All extracts are stored in the Hobart in the Extraction lab at a 
temperature of 1°C – 4.4°C.  Water samples have a holding time of 7 days from date of sampling for extraction.  Soil samples 
have a holding time of 14 days from date of sampling for extraction (unless otherwise specified for the project).  Extracts 
have a holding time of 40 days from extraction for analysis. 
 
4.0  INTERFERENCES AND POTENTIAL PROBLEMS 
 
Section 3.0 of SW-846 Method 8151A details interferences and potential problems which may be encountered when dealing 
with herbicide analyses. 
 
5.0. EQUIPMENT AND APPARATUS 
 

5.1 GC's : 
5.1.1 HP 5890/HP 5890 Series II/ Dual ECD - complete with temperature programmable gas 

chromatograph suitable for split/splitless injection. 
5.1.2 Agilent 6890N/ Dual ECD - complete with temperature programmable gas chromatograph suitable 

for split/splitless injection. 
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5.2 Columns: 
5.2.2 RTX-CLP(or equivalent): 30 m x 0.32 mm ID 0.5µm film thickness fused silica column. 
5.2.3 RTX CLP II(or equivalent):  30 m x 0.32 mm ID 0.25 µm film thickness fused silica column. 

 
5.3 Autosamplers: 

5.3.1 HP 7673A/HP7673 autosamplers capable of reproducibility from one injection to another, proven by 
meeting QC and calibration criteria. 

5.3.2 HP 7683/7683 autosamplers capable of reproducibility from one injection to another, proven by meeting 
QC and calibration criteria. 

 
5.4 Acquisition Software: HP Chemstation system is interfaced to the GC.  The system acquires and stores data 

throughout the chromatographic program. 
 
5.5 Data Processing Software:  Target DB Windows NT data system is interfaced to the HP Chemstation.  The 

system accepts, processes, and stores acquired data. 
 
6.0  REAGENTS 
 

6.1 Hexane - pesticide quality or equivalent. 
 
6.2 Ether - ultra-resi analyzed for organic residual analysis (Baker #9259-02 or equivalent) 
 
6.3 Iso-Octane - for pesticide residual analysis (Fisher #0-297 or equivalent) 
 
6.4 Methanol - suitable for use in gas chromatography (Omnisolv MX0484-1 or equivalent) 
 
6.5 Diazomethane – as prepared in SOP-328. 

 
6.6 Stock standards are purchased in mixtures from reputable vendors.  The date they are received is noted on the 

label and recorded in the GC standards logbook.  The date they are opened is noted on the label and recorded in 
the GC standards logbook along with their lot number and vendor and each is given a sequential number.  Each 
standard that is prepared is recorded in the GC standards logbook and given a sequential number.  The following 
are noted in the logbook:  standard makeup, solvent used, date received, date opened, date prepared, expiration 
date and analyst.  Each standard label is completed with the standard number, name, preparation date, expiration 
date, solvent and analyst initials.  All stocks and standards are stored in the refrigerator at a temperature of 1°C –
 4.4°C from the date they are received/prepared.  The refrigerator temperature is monitored daily with an 
annually calibrated thermometer and recorded with calibration correction in the GC refrigerator temperature 
logbook. See the GC standards log book for makeup of  standards.  NOTE:  If standards are not purchased in the 
methyl ester form, they must be esterified before use (See SOP-328).  If purchased as methyl esters, the indicated 
conversion factor must be applied to convert methyl ester concentrations to acid concentrations. 
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6.7  The Surrogate Standard, 2,4-Dichlorophenylacetic acid, DCAA is purchased in a solution in acetone. The date 
that it is received is noted on the label and recorded in the GC standards logbook.  The date opened is noted on 
the label and recorded in the GC standards logbook along with the lot number and vendor and is given a 
sequential number. 

 
6.8   Calibration Standard Preparation 

 
6.8.1 Herbicide intermediate standard mix – See the GC Standards Logbook for preparation of standards. The 

solution is transferred into a labeled, teflon-lined, screw-capped vial and stored in the refrigerator at a 
temperature of 1°C - 4.4°C for up to 6 months. 

 
Analyte 

(Methyl Ester) 
Conversion 

Factor 
2, 4-D 0.9407 

2, 4-DB 0.9470 
2, 4, 5-TP (Silvex) 0.9506 

2, 4, 5-T 0.9479 
Dalapon 0.9107 
Dicamba 0.9407 

Dichloroprop 0.9434 
Dinoseb 0.9452 
MCPA 0.9346 
MCPP 0.9390 

 
 
6.8.2 Calibration standards are prepared from the above intermediate standard at a minimum of five 

concentrations.  Standards are prepared fresh each time they are needed and discarded after use. Note:  
standards prepared from an alternate source or lot than the calibration stock standards are used for all 
LCS spikes and the MS/MSD for full list spikes. See the GC Standards Logbook for preparation of 
calibration curve standards.        

                       
 

6.8.3 The Initial Calibration Verification (ICV) intermediate standard is prepared from vendor stock standards 
in the same manner as the Calibration intermediate standard above and is stored in the refrigerator at a 
temperature of 1°C – 4.4°C for up to 6 months.  The ICV standard is then prepared at a concentration 
near the midpoint in the same manner as the Calibration standards above. 
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7.0  PROCEDURE 
 

The GC/ECD should be primed by injecting a herbicide standard at the highest concentration of the calibration curve.  
Inject this prior to beginning initial or daily calibration. 

 
7.1 Chromatographic conditions:      

7.1.1    GC          ECD1 or 3 
Purge on         0.50 min. 
Injector temperature      210°C 
Column flow       5-6 mL/min 
Initial column temperature    50°C for 7.0 minutes 
Initial temperature ramp     20°C/min 

                              Second column temperature    150°C for 1.0 minute 
Second temperature ramp    5°C/min 
Third column temperature    230°C for 0.5 min 
Final temperature ramp     20°C/min 
Final column temperature    270°C for 0.0 minutes 

 
7.2 Calibration - (See SW-846 Method 8000B Section 7.4.2).   

 
7.2.1 Initial Calibration - A five point calibration curve must be injected and analyzed for each analyte of 

interest. For most analytes a six point curve is used. Injection volume for standards and samples is equal 
to 2 µL using the same injection technique to introduce both standards and samples (use of auto-injectors 
makes this a constant). All calibration integrations must be evaluated and any manual integrations are 
documented by the inclusion of the chromatogram (which includes peak integrations) with the 
quantitation report.  The percent relative standard deviation (RSD) of the calibration factor must be < 
20% over the working range for each analyte of interest.  When the 20% criteria is exceeded for an 
analyte, a linear calibration may be used if the correlation coefficient (r) is >0.995. Quadratic can be used 
if correlation coefficient is >0.99 Otherwise, a new standard curve should be prepared for each analyte 
that exceeded the criteria. 

 
7.2.2  Initial Calibration Verification - A second source standard at the midpoint level concentration is used to 

check the validity of the curve.  The standard recovery for all analytes must be between 85 and 115% 
(80-120% for DOD QSM).  If the second source recovery is above 115%, it is possible that the main 
standard has deteriorated for that compound.  That standard should be remade and reevaluated.  If that 
does not correct the problem, the standard should probably be replaced and a new curve generated.  If the 
second source recovery is below 85%, the second source standard may have deteriorated for that 
compound.  The standard should be remade and reanalyzed.  If this does not correct the problem, the 
standard should probably be replaced.  All calibration integrations must be evaluated and any manual 
integrations are documented by the inclusion of the chromatogram (which includes peak integrations) 
with the quantitation report. 

 
7.2.3  Continuing Calibration Verification (CCV) - A mid-level standard must be analyzed every ten samples 

and cannot exceed 15 percent difference (%D) from the average calibration factor of the calibration 
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curve.  The 15% criteria may still be met if the targets are <30% and the average of the %Ds is less than 
15% (the client is notified).  A CCV must also be analyzed at the end of the analysis sequence. If the 
CCV fails at any point, GC maintenance may be necessary (see SOP-222), reanalysis may be required 
(for samples analyzed since the last valid CCV) and a corrective action report must be completed.  
Alternatively, analytes may be flagged depending on their concentration and the status of the analyte in 
the CCV standard.  No reanalysis is necessary if the analyte is undetected in the samples and recovered 
high in the CCV. All calibration integrations must be evaluated and any manual integrations are 
documented by the inclusion of the chromatogram (which includes peak integrations) with the 
quantitation report.  Samples are then quantitated against the initial calibration curve. For DOD QSM 
projects, CCVs are analyzed at the beginning and end of the sequence and after every 10 field 
samples. The CCVs should be within + 20% difference. 

 
7.3 RT Windows - Retention time criteria set forth in SW-846 method 8000B section 7.6 are used to set retention 

time windows.  New in-house retention time windows are established after every major change to the system 
(new column or temperature program).  If the established retention time window is less than ± 0.03 minutes, the 
window defaults to ± 0.03 minutes.  Retention times are updated with the first CCV of the day or the mid-level 
standard of the curve if samples are analyzed directly after a curve. 

 
7.4 LCS - The LCS is analyzed 1/20 samples (1 per extraction batch - up to 20 samples - at varied concentrations).  

The LCS is spiked using an alternate lot or source from the calibration stock standards. See section 9.2 below for 
criteria and corrective action. 

  
7.5 Method Blank - Method blanks are extracted at a minimum of 1 per extraction batch - up to 20 samples.  See 

section 9.3 below for criteria and corrective action. 
 

7.6 Samples - Prior to analysis, the samples are prepared for chromatography using SW-846 method 8150B/8151A.   
 

7.7 Data Reduction/Evaluation - Each sample analysis sequence is documented in the run logbook for the instrument.  
After the sample has been analyzed, the data is processed through the Chemserver 4920 data system.  
Quantitative measurements are performed as described in SW-846 8000B section 7.10.  Rounding is performed 
using CLP odd/even rounding rules.  The following must be checked to determine if the sample will need any 
reanalysis, cleaning or dilution.  Formal data evaluation is detailed in SOP-216 (documented using the USACE 
Analyst Data Review Checklist for USACE projects). 

 
7.7.1 Analyte concentration after rounding to 2 significant figures must be within the range of the calibration 

curve.  If an analyte exceeds the curve, a dilution must be performed and the next sample must be 
checked for carryover.   

 
7.7.2 Surrogate standard recovery of DCAA must be checked to make sure it is within limits.  See 9.1 below for     

corrective action. For DOD QSM projects, DOD limits are used. 
 

 
7.8 Identification [See SW-846 method 8000B section 7.9] 

 
7.8.1 Single peak components are identified by retention time on a primary column with confirmation by 
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retention time on a secondary column.  Which column is used for primary/confirmation is determined by 
the chromatography in the region of the compound.  If both columns are equivalent, the highest 
concentration is reported. Refer to SOP-224 for guidance with manual integrations. A before and 
after chromatogram with analyst’s initials, date and reason must be included with the data for 
DOD QSM projects, 

 
 
 

7.8.1.1 Due to co-elution of certain compounds confirmation for all analytes can not be achieved.  The 
percent difference (%D) for compounds, that confirmed from the primary column, on the 
confirmation column is 40%. The analyst must use experience and judgment to decide if the 
compound is there. Flag data with a “P” ( “J” for DOD projects ) if the results of the two 
columns differ by more than 40%.  Report the higher of the two results unless overlapping peaks 
are causing erroneously high results. 

 
7.8.1.2  If a compound is outside of its window on one column but in the window on the other column, 

the analysts will need to use their judgment or seek guidance from the organic lab manager or 
another experienced analyst to decide if the analyte is there. 

 
8.0     Calculations: 

 
 8.1    Calculate the calibration factor (CF) for each analyte  at each concentration as: 
 

               Peak Area (or Height) of the Compound in the Standard 
    CF =       Mass of the Compound Injected (in nanograms) 

 
8.2    The mean CF is calculated as follows: 

 

 
 8.3  The standard deviation (SD) and the relative standard deviation (RSD) of the calibration factors for each 

analyte are calculated as follows:  
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                                       CF 
8.4   Calibration verification involves the calculation of the percent drift (linear or quadratic) or the 

percent difference (average) of the instrument response between the initial calibration and each 
subsequent analysis of the verification standard.  Use the equations below to calculate % Drift or 
% Difference, depending on the calibration procedure used. 

 
                     (Calculated concentration – Theoretical concentration) * 100 

                % Drift =                       Theoretical Concentration 
 

where the calculated concentration is determined from the initial calibration and the 
theoretical concentration is the concentration at which the standard was prepared. 

 
                  (CCV CF – Average CF) * 100 

     % Difference =    Average CF 
 

where CCV CF is the calibration factor from the analysis of the verification standard and 
mean CF is the average calibration factor from the initial calibration. The % difference or % 
drift calculated for the calibration verification standard must be within ±15% for each analyte 
before any sample analyses may take place. 

 
8.5 Concentration in water samples is calculated as follows: 

       
  [Note: Using the units specified here for these terms will result in a concentration in  units of ng/mL, which is 

equivalent to μg/L.] 
 

 
 
 

where: 
Ax = Area (or height) of the peak for the analyte in the sample. 
Vt = Total volume of the concentrated extract (μL).   
D = Dilution factor, if the sample was diluted prior to analysis.  If no dilution was 

made, D = 1.  The dilution factor is always dimensionless. 
Vi = Volume of the extract injected (μL).  The nominal     injection volume for samples 

and calibration standards must be the same. 
CF = Mean response factor from the initial calibration.  
Vs = Volume of the aqueous sample extracted (mL).  If units of liters are used for this 

term, multiply the results by 1000. 
 
The 1000 in the denominator represents the number of μL in 1 mL.  If the injection (Vi) is 
expressed in mL, then the 1000 may be omitted.  

))(V)((
)(D))(A( = g/L)(ion Concentrat
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  8.6    Concentration in non-aqueous samples is calculated as follows:   

      [Note: Using the units specified here for these terms will result in a concentration in units of ng/g, which is equivalent to 
μg/kg.] 
 
 

 
 
 

where:  
Ax, Vt, D, and CF are the same as for aqueous samples, and 
Ws = Weight of sample extracted (g).  Either a dry weight or wet weight may be used, 

depending upon the specific application of the data.  If units of kilograms are used for this 
term  multiply the results by 1000. 

 
The 1000 in the denominator represents the number of μL in 1 mL.  If the injection (Vi) is expressed in 
mL, then the 1000 may be omitted. 

 
9.0 QUALITY ASSURANCE/QUALITY CONTROL/CORRECTIVE ACTIONS 
 

9.1 Surrogates –Limits are determined by charting LCSs and method blanks.  Surrogate standard recovery must be 
checked to determine if it is within  limits. Corrective action must be taken when the surrogate is out of limits for 
a sample.  Generally, the first action for herbicides is to re-esterify the sample and reanalyze.  A corrective action 
form must be filled out and given to the organic lab manager within 24 hours.  The organic lab manager will then 
make suggestions as to what further action should be taken, for example: sample may need to be reextracted or 
flagged on the report for a QC problem. 

 
9.2  LCS Sample - The LCS is extracted 1/20 samples (every extraction batch - up to 20 samples - for USACE and 

GE projects).  To prepare the LCS, a blank is spiked with standards prepared from alternate sources or lots than 
the calibration stock standards, and then extracted.  The recoveries are tabulated to generate control charts and 
limits.  See the LCS report form in the appendix for the laboratory-generated limits.  If limits have not yet been 
generated, the limits default to those calculated from 8151A Table 4 (Mean ± 3SDs).  If the LCS compound has a 
recovery above the upper limit, but the same compound is not detected in any of the batch samples, no corrective 
action is required.  For all other situations, the LCS should be reanalyzed for the failed analytes only.  If the 
second analysis fails, all associated samples should be reextracted/reanalyzed for the failed analytes only or the 
analytes should be flagged on the report. For DOD QSM projects, DOD limits are used. 

 
9.3 Method Blanks - The concentration of all method target analytes should be below the MDL (<RL, common 

laboratory contaminates; < ½ RL, all other compounds or client/authority specified) for each method target 
analyte.  If contamination exceeds the MDL, the following corrective actions must be taken.  The first step is to 
assess the effect on the samples.  If an analyte is found only in the method blank, but not in any batch samples, 
no further corrective action may be necessary.  Steps should be taken to find/reduce/eliminate the source of this 
contamination in the method blank.  If an analyte is found in the method blank and some, or all, of the other 
batch samples, corrective action is required.  The source of contamination must be investigated and appropriate 
action taken and documented to find/reduce/eliminate the source of this contamination.  The method blank, and 

)W)(V)((
)(D))(A( = g/kg)(ion Concentrat

si

tx
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any samples containing the same contaminant, would likely be reextracted/reanalyzed.  If a contaminant is found 
in the method blank and the samples, the compound concentration must be flagged with a 'B' on the final report 
unless the concentration is greater than 5x that found in the method blank. 

 
9.4 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are spiked for a MS/MSD (for full 

list spikes, the LCS standard is used for this spike).  Criteria for the MS/MSD are the same as the LCS limits 
with an RPD criteria of less than 25%.  Samples, which do not meet these criteria due to matrix, must be flagged 
on the final report for QC problems.  Generally, batch control is not based on MS/MSD results unless general 
method failure is determined to be the problem.  In that case, the samples and associated QC would be 
reanalyzed for the failed analytes only.  MS data evaluation must include the consideration of the following 
factors. For DOD QSM projects, DOD limits are used. 

 
 

9.4.1 Sample matrix - If the sample is a soil, grab sample or sequentially collected water sample it may affect 
the %R and RPD of the MS/MSD.  Corrective action must be taken in the form of reanalysis if a method 
problem is indicated. 

 
9.4.2 Original sample concentration - If a spiked compound has a problem and the concentration of that 

compound in the original sample was two or more times the concentration of the spike, no further 
corrective action may be necessary other than the generation of a corrective action report to document 
the problem. 

 
9.4.3 MS vs. MSD - If a spiked compound has a similar problem in both the MS and MSD and is not traced to 

a method problem, no further action may be necessary other than the generation of a corrective action 
report to document the problem. 

 
9.4.4 Non-target Interference - The presence of significant non-target interference should be brought to the 

immediate attention of your supervisor who should discuss the problem with the client/project manager 
to determine the action to be taken. 

 
  9.5 Documentation of Capability (DOC) – Each analyst must perform a DOC to demonstrate proficiency with this 

method. Refer to SOP-413 for guidance. 
 
10.0  HEALTH AND SAFETY 
 

10.1 Care should be used in handling all samples.  Safety glasses must be worn in the lab at all times.  The use of      
blue nitrile gloves and lab coats is highly recommended. 

 
10.2 Research into expected sample content and concentration should be done in order to be prepared for additional 

safety considerations.  Generally, any samples which need special consideration have applicable notes on the 
sample logs. 

 
10.3 MSDS are available for all reagents and standards, which have been purchased.  These are located in the office 

next to the technical director. 
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10.4   Diazomethane is a carcinogen and may explode under certain conditions. See Method 8151 for details in 
handling diazomethane. 

 
11.0 WASTE MANAGEMENT AND POLLUTION PREVENTION 

 
              Please see Waste Disposal SOP-405 for proper disposal of waste from this sample   preparation process. Quantity of 

chemicals purchased should be based on expected usage during its shelf-life and the disposal cost of unused 
material. Actual reagent preparation volumes should reflect anticipated usage and reagent stability. 

 
12.0 REFERENCES 
 

      12.1  Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846; Third Edition 
(Update III); Method 8151 

                 12.2  USACE EM 200-1-3, 02-2001; Appendix I; Shell for Analytical Chemistry  Requirements 
 

12.2 DOD, Quality Systems Manual for Environmental Laboratories, Ver. 3, Jan. 2006. 
 
 
 
13.0 EXAMPLE FORMS 
 
Examples of the water LCS report sheet and the USACE analyst data review checklist are located in the 
appendix.
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                                 FORM 3 
                    WATER HERBICIDE LAB CONTROL SAMPLE 
 
  Lab Name: ELAB, Inc. Contract: QC                     
 
  Lab Code: NA     Batch No.: NA      SAS No.: NA       SDG No.: QC.LCS 
 
  Matrix Spike   -   Client Sample No.: LCS 
 _____________________________________________________________________ |                 |    
| SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
|                 | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
|  COMPOUND       | (µg/L)  |   (µg/L)    |   (µg/L)    | REC #| REC. | 
|=================|=========|=============|=============|======|======| 
| 2,4-D           |   10.00 |     NA      |      10.00  |  100 |48-214| 
| 2,4-DB          |   10.00 |     NA      |      10.00  |  100 |60-126| 
| 2,4,5-TP(Silvex)|   1.000 |     NA      |      1.000  |  100 |68-166| 
| 2,4,5-T         |   1.000 |     NA      |      1.000  |  100 |42-226| 
| Dalapon         |   25.00 |     NA      |      25.00  |  100 |40-110| 
| Dicamba         |   1.000 |     NA      |      1.000  |  100 |69-159| 
| Dichloroprop    |   10.00 |     NA      |      10.00  |  100 |60-110| 
| Dinoseb         |   5.000 |     NA      |      5.000  |  100 | D-110| 
| MCPA            |   1000  |     NA      |      1000   |  100 |24-117| 
| MCPP            |   1000  |     NA      |      1000   |  100 |35-131| 
|_________________|_________|_____________|_____________|______|______| 
 
 
 
 
 
 
  # Column to be used to flag recovery and RPD values with an asterisk 
 
  * Values outside of QC limits 
 
   
  Spike Recovery:  0 out of 10 outside limits 
 
 
  COMMENTS:________________________________________________________                  
___________________________________________________________________ 
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ANALYST REVIEW CHECKLIST 
 

Sample Number(s): 
Batch Number(s): 
Method:  8151A 
  
 

 
QA/QC Item 

 
Yes 

 
No 

 
NA 

2nd Level 
Review 

A.  Initial Calibration     
1.   Does the curve consist of five Calibration Standards? ___ ___ ___ _________ 
     
2.   Is the low standard near, but above the MDL? ___ ___ ___ _________ 

     
3.   Are the %RSDs within QC limits for all analytes? ___ ___ ___ _________ 

     
B.  Second Source Verification     

1.   Was the initial calibration curve verified by a second source 
calibration standard (ICV) and have criteria been met? 

 
___ 

 
___ 

 
___ 

 
_________ 

     
C.  Continuing Calibration     

1.   Are the Continuing Calibration Verification (CCV) standards 
analyzed every 10 samples and at the end of the sequence? 

 
___ 

 
___ 

 
___ 

 
_________ 

     
2.   Are the % differences within QC limits for all analytes? ___ ___ ___ _________ 

     
D.  Sample Analysis     

1.   Are all sample holding times met? ___ ___ ___ _________ 
     

2.   Are all samples with concentrations > the highest standard used 
for initial calibration diluted and reanalyzed? 

 
___ 

 
___ 

 
___ 

 
_________ 

     
3.   Are all compounds identified on the primary column confirmed 

on the secondary column? 
 

___ 
 

___ 
 

___ 
 

_________ 
     

4.   Are Surrogate recoveries within QC limits? ___ ___ ___ _________ 
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ANALYST REVIEW CHECKLIST 
 

QA/QC Item 
 

Yes 
 

No 
 

NA 
2nd Level 
Review 

E.   QC Samples     
1.   Is the Method Blank extracted at the desired frequency and is its 

concentration for target analytes less than the MDLs? 
 

____ 
 

____ 
  

_________ 
     
2.   Is the LCS extracted at the desired frequency and are the percent 

recoveries within QC limits? 
 

____ 
 

____ 
  

_________ 
     

3.   Is the Matrix Spike/Matrix Spike Duplicate extracted at the 
desired frequency and are the percent recoveries/RPDs within 
QC limits? 

 
 

____ 

 
 

____ 

  
 

_________ 
     
F.  Others     

1.   Are all nonconformances included and noted? ____ ____  _________ 
     

2.   Are all calculations checked at the minimum frequency? ____ ____  _________ 
     

3.   Did analyst initial/date the appropriate printouts and report 
sheets? 

 
____ 

 
____ 

  
_________ 

     
4.   Are all sample ID and units checked for transcription errors? ____ ____  _________ 

     
5.   Are all manual integration checked by a second reviewer to 

verify why they were performed? 
 

____ 
 

____ 
  

_________ 
     
Comments on any “No” response:     
     
     
     
     
     
     

     
 
 

Analyst:  __________________ Date:  ___________________ 
Second-Level Review:  __________________ Date:  ___________________ 
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Changes Summary 
 

Revision 22, 07/07/10 

 

• The SOP is an update from Revision 21 dated 04/11/10. 

• The SOP has been updated to move specific requirements to tables at the back of the SOP and 

add Mirex, PCB-1262, PCB-1268 as analytes. 

 

 

Revision 21, 04/11/10 

 

• The SOP is an update from Revision 20 dated 04/27/09 

• The SOP is formatted to include all 22-elements required per the NELAC standards 

• The laboratory’s revision of all technical SOPs now includes a Table of Contents that provides 

the map of the technical information contained within the SOP. 

• Additional requirements, based upon the DoD QSM 4.1, have been integrated into the routine 

sample flow; however, if the requirement is different from routine sample flow, then the 

requirement is outlined and documented as such to be followed only when DoD samples are 

analyzed. 
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1.0 Identification of the Test Method 
This SOP is compliant with SW-846 Methods 8000B/8081A/8082 and 8000C/8081B/8082A.   

Federal Register Method 608/608.2 and CLP Method for Pesticides have also been used in the 

development of this SOP.   

 

2.0 Applicable Matrix or Matrices 
This Standard Operating Procedure, SOP, is used for the analysis of Pesticide/PCB organic 

compounds in a variety of matrices (soils, sediments, waters, etc.).   

 

3.0 Detection Limits 

 

See Table1. 
 

 

4.0 Scope of Application, Including Components to Be Analyzed 
4.1 Each parameter that is analyzed and reported under the scope of this SOP is listed in 

Table 1 of this SOP.  This table also lists the associated Detection Limit/Method 

Detection Limit, Limit of Detection and Reporting Limit/Limit of Quantitation for each 

analyte.   

4.3 Extreme care should be taken when working with pure standard and stock standard 

solutions of these compounds.  These compounds have been classified as known or 

suspected human or mammalian carcinogens. 

 

5.0 Summary of the Test Method 
After sample preparation using the appropriate extraction technique, the sample is introduced 

into the GC using direct injection.  The analytes are separated in the gas chromatograph by a 

combination of the temperature program and the capillary column.  The analytes are then 

detected by the ECD.  Pesticide analytes are identified and confirmed based on the retention time 

of known standards.  PCB and multi-component pesticide analytes are identified based on pattern 

recognition.  Analytes are quantitated relative to known standards using the external standard 

method. 

 

6.0 Definitions 
Laboratory Quality System SOP QS08 “Technical / Operational Definitions, Minimum Essential 

Quality Control Elements, and Laboratory Calibration Procedures” provides information on the 

commonly used definitions.   

 

7.0 Interferences 
Section 3.0 of SW-846 Methods 8081A/8082 and Section 4.0 of Methods 8081B/8082A details 

interferences and potential problems which may be encountered when dealing with 

pesticide/PCB analyses. Please see sample clean-up SOPs (307, 308, 309 and 330) to evaluate 

possible clean-up options for any encountered interferences. 

 

8.0 Safety 
8.1 Laboratory SOP QS13 “Safety Program & Chemical Hygiene Plan” discusses the safety 

program that is to be followed labwide. 

8.2 Care should be used in handling all samples.  Safety glasses must be worn in the lab at all   

times.  The use of latex gloves and lab coats is highly recommended. 
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8.3 Research into expected sample content and concentration should be done in order to be 

prepared for additional safety considerations.  Generally, any samples that need special 

consideration have applicable notes on the sample logs. 

8.4 MSDS sheets are available for all reagents and standards that have been purchased.  

These are located on the bookshelves in the Quality Assurance Officer’s office. 

 

9.0 Equipment & Supplies 
9.1 GC's: 

9.1.1 Agilent 6890N- complete with temperature programmable gas chromatograph 

suitable for split/splitless injection. 

9.2 Columns: 

9.2.1 Restek Siltek Guard Column (or equivalent): 10 meter x 0.32 mm ID  

9.2.2 RTX-CLP or ZB-MR1 (or equivalent): 30 meter x 0.32 mm ID x 0.5 µm film 

thickness fused silica column. 

9.2.3 RTX-CLP II or ZB-MR2 (or equivalent): 30 meters x 0.32 mm ID x 0.5 µm film 

thickness fused silica column. 

9.3 Autosamplers: 

9.3.1 Agilent 7683 autosamplers capable of reproducibility from one injection to 

another, proven by meeting QC and calibration criteria. 

9.4 Acquisition Software:  HP Chemstation system is interfaced to the GC.  The system 

acquires and stores data throughout the chromatographic program. 

9.5 Data Processing Software:  Target DB Windows data system is interfaced to the HP 

Chemstation.  The system accepts, processes and stores acquired data. 

 

10.0 Reagents and Standards 
10.1 The laboratory’s LIMS system allows for complete documentation and for the 

traceability of reagents and standards used within the laboratory.  The following 

information relates to the reagents and standards used for the performance of the method.  

See Table 5 for information on standard sources/calibration concentrations. 

10.2 Stock standards are purchased in mixtures from reputable vendors.  The date they are 

received is noted on the COA and recorded in the LIMS.  The date they are opened is 

recorded in the LIMS along with their lot number and vendor and given a sequential 

number.  Each standard that is prepared is recorded in the LIMS and given a sequential 

number.  The following are noted in the LIMS:  standard makeup, solvent used, date 

received, date opened, date prepared, expiration date and analyst.  Each standard label is 

completed with the standard number, name, concentration, expiration date, and analyst 

initials.  All stocks and standards are stored in the refrigerator at a temperature of 

1°C-4.4°C from the date they are received/prepared.  The refrigerator and freezer 

temperature is monitored daily with an annually calibrated thermometer and recorded 

with calibration correction in the GC refrigerator temperature logbook.  

10.3 List of Reagents: 

 Hexane - pesticide quality or equivalent. 

 

11.0 Sample Collection, Preservation, Shipment, and Storage 
Section 3.0 and table 3-1 of the Empirical Laboratories’ Quality Assurance Manual include 

details concerning sample preservation, containers and handling of semi-volatile samples and 

extracts.  All water and soil samples are stored in the appropriate walk-in coolers at a 

temperature of 4°C. All extracts are stored in the Hobart in the Extraction lab at a temperature of 

4°C.  Water samples have a holding time of 7 days from date of sampling while soil samples 
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have a holding time of 14 days from date of sampling (unless otherwise specified for the 

project). Extracts have 40 days from date of extraction to be analyzed. 

 

12.0 Quality Control 
12.1 Quality Systems SOP QS08 “Technical / Operational Definitions, Minimum Essential 

Quality Control Elements, and Laboratory Calibration Procedures” outlines details 

related to laboratory wide protocols on quality control. 

12.2 Surrogates - All samples and QC are spiked with surrogates prior to extraction. See 

Table 2 for criteria and corrective action.   

12.3 LCS Sample - The LCS is extracted 1 per extraction batch of up to 20 samples to provide 

accuracy results. It is spiked using an alternate source or lot number than the calibration 

standards.  See Table 2 for criteria and corrective action.   

12.4 Method Blanks - The Method Blank is extracted 1 per extraction batch of up to 20 

samples.  See Table 2 for criteria and corrective action.   

12.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are spiked for 

a MS/MSD, if sample is available. If no sample is available, an LCSD must be extracted 

to provide precision results.  See Table 2 for criteria and corrective action.  Some factors 

that may affect MS/MSD results are: 

12.5.1 Sample matrix - If the sample is a soil, grab sample or sequentially collected 

water sample it may affect the %R and RPD of the MS/MSD.  Corrective action 

must be taken in the form of reanalysis if a method problem is indicated. 

12.5.2 Original sample concentration - If a spiked compound has a problem and the 

concentration of that compound in the original sample was four or more times the 

concentration of the spike, no further corrective action may be necessary other 

than the generation of a corrective action report to document the problem. 

12.5.3 MS vs. MSD - If a spiked compound has a similar problem in both the MS and 

MSD and is not traced to a method problem, no further action may be necessary 

other than the generation of a non-conformance report to document the problem. 

12.5.4 Non-target Interference - The presence of significant non-target interference 

should be brought to the immediate attention of your supervisor who should 

discuss the problem with the client/project manager to determine the action to be 

taken. 

12.6 Demonstration of Capability (DOC) – Each new analyst must complete a demonstration 

of capability by analyzing four LCSs with acceptable precision and accuracy. This also 

must be done when a new instrument is installed or a significant change to the method 

has been made. 

 

13.0 Calibration and Standardization 
13.1 Quality Systems SOP QS08 “Technical / Operational Definitions, Minimum Essential 

Quality Control Elements, and Laboratory Calibration Procedures” related to Calibration 

Procedures provides laboratory wide protocols for calibration and standardization. 

13.2 See Section 14.4 for Calibration details. 

 

14.0 Procedure 
14.1 The GC/ECD should be primed by injecting a pesticide standard at 200-500 µg/L and/or 

PCB standard at 2,500 µg/L, 10 times more concentrated than the mid-level standard.  

Inject this prior to beginning initial or daily calibration. 

14.2 Chromatographic conditions:  
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14.2.1  

       

ZB MR1/MR2 columns: 

GC 

 

ECD3 

Purge on  60ml/min at 0.50 min. 

Injector/Detector temperature 250/340°C 

Column flow 3.0 mL/min 

Initial column temperature 100°C for 1.0 minutes 

Temperature ramp 35°C/min 

Intermediate column temperature 220°C for 0.0 minutes 

Second Temperature Ramp 15°C/min 

Final Column Temperature 340°C for 2.0 minutes 

14.2.2  

       

ZB MR1/MR2 columns: 

GC 

 

ECD4 

Purge on  60ml/min at 0.50 min. 

Injector/Detector temperature 250/350°C 

Column flow 3.0 mL/min 

Initial column temperature 100°C for 1.0 minutes 

Temperature ramp 35°C/min 

Intermediate column temperature 220°C for 0.0 minutes 

Second Temperature Ramp 15°C/min 

Final Column Temperature 340°C for 2.0 minutes 

Note: Current gas chromatograph conditions can be confirmed in the corresponding maintenance log. 

 

14.3 Eval Mix – Before pesticide calibration and/or sample analysis, a degradation check 

standard (evaluation mix) of endrin and 4,4'-DDT must be injected.  Degradation of 

either compound must not exceed 15 percent.  See Table 2 for criteria and corrective 

action.  

14.4 Calibration - (See SW-846 Method 8000B Section 7.4 or Method 8000C Section 9.3). 

14.4.1 Initial Calibration - An initial multi-point calibration curve must be prepared in 

hexane, analyzed and shown to meet the initial calibration criteria before any 

sample analyses may be performed.  See Table 2 for criteria and corrective 

action.  See Table 5 for standard concentrations/sources and below for makeup of 

the intermediates.  The lowest standard must be less than or equal to the reported 

quantitation limit and the highest standard must not exceed the linear range of the 

detector.  For single component pesticides and surrogates, a seven point 

calibration is injected and analyzed for each analyte of interest.  For Toxaphene 

and Technical Chlordane a single low calibration point standard is analyzed 

unless they are expected/detected then a six-point calibration is injected and 

analyzed. Initial calibration for Aroclors may be accomplished by using a 

six-point curve that contains Aroclors 1016 and 1260.  The mixture of these two 

Aroclors contains many of the peaks represented in the other Aroclor mixtures 

(1221, 1232, 1242, 1248, 1254, 1262 & 1268).  Full calibration is required if they 

are expected/detected.    Any manual integrations are documented by inclusion of 

the integrated chromatograms (before and after manual integration) initialed, 

reason indicated and dated with the quantitation report and chromatogram. All 

integrations are second-checked for acceptability by a senior analyst.  Refer to 

SOP-QS07 for guidance. 

Mix A/B (and Surrogate) Calibration Intermediate Solution:  Using a 500µL 

syringe, 500µL of A/B Mix and 500µL Surrogate are injected into a 10mL 

volumetric flask containing approximately 9.5mL hexane and diluted to volume 

with same to make a 10 µg/mL standard.*   

Mirex (and Surrogate) Calibration Intermediate Solution:  Using a 500µL syringe, 

100µL of Mirex and 50µL Surrogate are injected into a 10mL volumetric flask 
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containing approximately 9.5mL hexane and diluted to volume with same to make 

a 1 µg/mL standard.*   

Technical Chlordane (and Surrogate) Calibration Intermediate Solution:  Using a 

500µL syringe, 100µL of Technical Chlordane and 500µL Surrogate are injected 

into a 10mL volumetric flask containing approximately 9.5mL hexane and diluted 

to volume with same to make a 10 µg/mL standard.  

Toxaphene (and Surrogate) Calibration Intermediate Solution:  Using a 500µL 

syringe, 500µL of Toxaphene and 250µL Surrogate are injected into a 10mL 

volumetric flask containing approximately 9.5mL hexane and diluted to volume 

with same to make a 50 µg/mL and 5ug/ml standard.*   

Aroclor 1016/1260 (and Surrogate) Calibration Intermediate Solution:  Using a 

500µL syringe, 500µL of Aroclor 1016/1260 and 250µL Surrogate are injected 

into a 10mL volumetric flask containing approximately 9.5mL hexane and diluted 

to volume with same to make a 50 µg/mL and 5ug/ml standard.* 

*After capping and inverting several times, all solutions are transferred into 

labeled, 12ml, teflon-lined, screw-capped vials and stored in the refrigerator at 

4°C or less for up to 6 months.  These standards are used to make the calibration 

curve standards in hexane at the concentrations found in table 5.  

14.4.2 Initial Calibration Verification - A second source standard must be prepared in 

hexane, analyzed and calculated against the initial calibration curve, then shown 

to meet the ICV criteria before any sample analyses may be performed.     See 

Table 2 for criteria and corrective action.  See Table 5 for standard 

concentrations/sources.   Any manual integrations are documented by inclusion of 

the integrated chromatograms (before and after manual integration) initialed, 

reason indicated and dated with the quantitation report and chromatogram. All 

integrations are second-checked for acceptability by a senior analyst.  Refer to 

SOP-QS07 for guidance. 

14.4.3 Continuing Calibration Verification (CCV) - Every 12 hours (and at the end of the 

analysis sequence), a CCV must be analyzed and calculated against the initial 

calibration curve, then shown to meet the calibration check criteria before any 

sample analyses may be performed.  See Table 2 for criteria and corrective 

action.  See Table 5 for standard concentrations/sources.  Any manual 

integrations are documented by inclusion of the integrated chromatograms 

(before and after manual integration) initialed, reason indicated and dated with 

the quantitation report and chromatogram. All integrations are second-checked for 

acceptability by a senior analyst.  Refer to SOP-QS07 for guidance. 

14.4.4 RT Windows - Retention time criteria set forth in SW-846 method 8000B Section 

7.6 are used to set retention time windows.  New in-house retention time windows 

are established after every major change to the system (new column or 

temperature program) and at initial calibration using the midpoint standard RTs.  

If the established retention time window is less than +/-0.03 minutes, the window 

defaults to +/-0.03 minutes.  Retention times are updated with the first CCV of the 

day or the mid-level standard of the curve if samples are analyzed directly after a 

curve. 

14.5 Samples - Prior to using Method 608, SW-846 8081A, 8081B, 8082, 8082A or CLP 

(pesticide method) the samples are prepared for chromatography using the appropriate 

sample preparation and clean up methods (generally SW-846 methods 3510, 3541, 3546, 

3640, 3550, 3580, EPA method 608 or CLP).  
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14.5.1 Example of a sequence run log: 

 

1-Primer A/B Mix-1000 or Primer PCB-10,000 

2- EVAL Mix (Pest only) 

3- CCV A/B Mix 

4- CCV Toxaphene (single point) 

5-CCV Chlordane (single point) 

6- CCV PCB 1660 

7- Method Blank 

8-LCS A/B Mix 

9-LCS PCB 

10-Sample 

11-Sample 

12-Sample 

13-Sample 

14-Sample 

15-Sample 

16-Sample 

17-Sample 

18-Sample 

19-Sample 

20-Sample 

21-Sample-MS 

22-Sample-MSD 

23-Sample 

24-Sample 

25-Sample 

26-Sample 

27-Sample 

28-Sample 

29- CCV A/B Mix  

30-CCV PCB 

 

14.6 Data Reduction/Evaluation - Each sample analysis sequence is documented in the run 

logbook for the instrument.  After the sample has been analyzed, the data is processed 

through the Target DB Windows data system.  Quantitative measurements are performed 

as described in SW-846 8081A Section 7.5.6, and SW-846 8081B Section 11.5.6.1.  The 

following must be checked to determine if the sample will need any reanalysis, cleaning 

or dilution.  Criteria and corrective action are found in Table 2.  Formal data evaluation is 

detailed in SOP QS05 and documented using the Analyst Data Review Checklist (see 

Appendix). Manual integration guidance is found in SOP QS07. 

14.6.1 Analyte concentration after rounding to 3 significant figures must be within the 

range of the calibration curve.  If an analyte exceeds the curve, a dilution must be 

performed and the next sample must be checked for carryover.  Any dilution 

should keep the concentration of the analyte in question within the mid-range to 

the top half of the curve. 

14.6.2 If the sample shows signs of sulfur contamination in the time range where sulfur 

compounds elute a sulfur cleanup is required [see SOP-307]. 
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14.6.3 If the sample has extraneous peaks eluting in the chromatogram an acid cleanup is 

required for PCB samples and may be applicable for certain pesticides, (acid 

clean-up may be required for all PCB samples, check with your supervisor),  [see 

SOP-308]. 

14.6.4 Analyte quantitation verification. 

 

14.7 Identification/Quantitation [See SW-846 method 8081A Section 7.6 or method 8082 

Sections 7.7-7.9]. 

14.10.1Single peak components are identified by retention time on a primary column 

with confirmation by retention time on a secondary or confirmation column. 

Which column is used for primary/confirmation is determined by the 

chromatography in the region of the compound. 

14.10.1.1Due to coelution of certain compounds confirmation for all analytes may 

not be achieved. The analyst must use experience and judgment to decide 

if the compound is there. If a call is made, the data should be qualified 

appropriately. 

14.10.1.2If a compound is outside of its window on one column but in the 

window on the other column, the analyst will need to use their judgment 

or seek guidance from the organic lab manager or another experienced 

analyst to determine if the analyte is present. 

14.10.2Multi-peak components (PCB's, Toxaphene and Technical Chlordane) are 

identified by pattern recognition using an on scale standard chromatogram to 

compare to an on scale sample chromatogram enabling the analyst to judge 

whether the sample pattern matches a standard pattern.  Confirmation of multi-

peak components is required by the method and may be accomplished in several 

ways.  If the sample is from a source known to contain specific Aroclors then this 

information may be used as a confirmation. Documentation of this approach must 

meet the requirements outlined in Sec. 7.7.3 of SW-846 Method 8082. Another 

approach is to use a column of dissimilar stationary phase and compare the 

pattern to a known Aroclor standard. Finally if the concentration is high enough 

GC/MS may be used as confirmation. 

A.  Generally, five unique peaks representing the full range of the multi-peak 

component are used in the quantitation of the multi-peak components.   

B. Multi-peak components that still have matrix interference after appropriate 

sample cleanup steps have been taken may need to be hand calculated 

using peaks that do not have interference.  This should be brought to the 

organic lab manager’s attention. 

C.  Multi-peak components that exhibit a weathered pattern may need to be 

hand calculated by the analyst.  The analyst will need to use peaks that 

exhibit the full range of weathering.  The number of peaks used to 

quantitate the multi-peak component will depend on the analyst's 

judgment of what it will take to achieve the truest concentration of the 

component.  This should be brought to the organic lab manager’s 

attention. 

14.10.3Quantitation – Once a compound has been identified qualitatively, the 

concentration must then be quantitated. Calculations follow in Section 15.0.  

 

15.0 Data Analysis and Calculations 
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15.1 Quality Systems SOP QS09 “General and Commonly used Laboratory Calculations” 

provides details on general calculations used throughout the laboratory. 

15.2 Calculate the calibration factor (CF) for each analyte at each concentration as: 

                                      Peak Area (or Height) of the Compound in the Standard 

                           CF =       Mass of the Compound Injected (in nanograms) 

 

15.3    The mean CF is calculated as follows: 
 

        

�CF for each standard) 
AvgCF = 

N 

 

        

15.4 The standard deviation (SD) and the relative standard deviation (RSD) of the calibration 

factors for each analyte are calculated as follows:  
                  

                                        

1

 )( = 
1

2

−

−∑
−

n

CFCFiSD
n

i  

 

                            RSD = SD X 100 

                                       CF 

15.5  Calibration verification involves the calculation of the percent drift (linear or quadratic) or 

the percent difference (average) of the instrument response between the initial calibration 

and each subsequent analysis of the verification standard.  Use the equations below to 

calculate % Drift or % Difference, depending on the calibration procedure used. 

 

                                      (Calculated concentration – Theoretical concentration) * 100 

                            % Drift =                       Theoretical Concentration 

 

where the calculated concentration is determined from the initial calibration and the 

theoretical concentration is the concentration at which the standard was prepared. 

 

    (CCV CF – Average CF) * 100 

     % Difference =    Average CF 

 

where CCV CF is the calibration factor from the analysis of the verification standard and 

mean CF is the average calibration factor from the initial calibration.  

 

15.6 Concentration in water samples is calculated as follows: 

 [Note: Using the units specified here for these terms will result in a concentration in  

units of ng/mL, which is equivalent to µg/L.] 
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where: 

Ax = Area (or height) of the peak for the analyte in the sample. 

Vt = Total volume of the concentrated extract (µL).   

D = Dilution factor, if the sample was diluted prior to analysis.   

 If no dilution was made, D = 1.  The dilution factor is always dimensionless. 

Vi = Volume of the extract injected (µL).  The nominal     injection volume for samples 

and calibration standards must be the same. 

CF = Mean response factor from the initial calibration.  

Vs = Volume of the aqueous sample extracted (mL).  If units of liters are used for this 

term, multiply the results by 1000. 

 

The 1000 in the denominator represents the number of µL in 1 mL.  If the injection (Vi) is 

expressed in mL, then the 1000 may be omitted.  

 

15.7 Concentration in non-aqueous samples is calculated as follows:   

 [Note: Using the units specified here for these terms will result in a concentration in units 

of ng/g, which is equivalent to µg/kg.] 
 

 

 

 

 

 where:  

Ax, Vt, D, and CF are the same as for aqueous samples, and 

Ws = Weight of sample extracted (g).  Either a dry weight or wet weight may be used, 

depending upon the specific application of the data.  If units of kilograms are used 

for this term multiply the results by 1000. 

 

The 1000 in the denominator represents the number of µL in 1 mL.  If the injection (Vi) is 

expressed in mL, then the 1000 may be omitted. 

 

16.0 Method Performance 
See SOP QS08 and Table 2 for criteria and corrective actions associated to the following method 

performance items: 

16.1 Method Detection Limit Study or Detection Limit Determination 

16.2 Limit of Detection Verification 

16.3 Limit of Quantitation or Reporting Limit Verification 

16.4 Demonstration of Capability (DOC) 

16.5 PT Studies 

 

17.0 Pollution Prevention 
Quantity of chemicals purchased should be based on expected usage during its shelf-life and the 

disposal cost of unused material. Actual reagent preparation volumes should reflect anticipated 

usage and reagent stability. 

 

18.0 Data Assessment and Acceptance Criteria for Quality Control Measures 

)W)(V)((

)(D))(A(
 = g/kg)(ion Concentrat
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CF
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Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  Laboratory Non-

Conformance / Corrective Action Procedures, Decision Making Guidelines for Evaluating 

Laboratory Analytical Sample and Quality Control Results”, provides details on data assessment 

and acceptance criteria for Quality Control Measures.  Table 2 of this SOP provides information 

on QC samples, frequency, and the associated criteria specific to the performance of this method. 

 

19.0 Contingencies for Handling out-of-control or unacceptable data 
Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  Laboratory Non-

Conformance / Corrective Action Procedures, Decision Making Guidelines for Evaluating 

Laboratory Analytical Sample and Quality Control Results”, provides details on handling out of 

control data.  Table 2 within this SOP also lists corrective actions associated with the failure of 

the various QC samples employed for the performance of this method. 

 

20.0 Waste Management 
Please see Waste Disposal, SOP QS14 for proper disposal of waste coming from this area within 

our laboratory. Quantity of chemicals purchased should be based on expected usage during its 

shelf-life and the disposal cost of unused material. Actual reagent preparation volumes should 

reflect anticipated usage and reagent stability. 

 

21.0 References 
21.1 Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846; Method 

8081A, 8081B, 8082, 8082A 

21.2 USEPA Code of Federal Regulations, 40, CH 1, PT 136; Method 608, 608.2; APX-B 

21.3 USEPA Contract Laboratory Program (CLP) for Organics ILM04.2; ILM04.3 

21.4 DOD Quality Systems Manual, Ver. 3/4.1 

 

22.0 Tables, Diagrams, Flowcharts and Validation Data 
22.1 Table 1, all applicable parameters, including the surrogates and internals with the 

applicable RL and lowest calibration standard. 

22.2 Table 2, for all technical methods, should always be the QA/QC summary table and I am 

including a format for this at the end. 

22.3 Table 3, Technical Completeness / Accuracy Checklist 

22.4 Table 4, Data Reviewers Checklist 

22.5 Table 5, Calibration Standards 
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Table1- Detection limits 

Analyte (water) MDL/DL LOD LOQ/RL Units 

4,4'-DDD 0.00500 0.0100 0.0200 ug/L 

4,4'-DDE 0.00500 0.0100 0.0200 ug/L 

4,4'-DDT 0.00500 0.0100 0.0200 ug/L 

Aldrin 0.00330 0.0100 0.0200 ug/L 

alpha-BHC 0.00330 0.0100 0.0200 ug/L 

alpha-Chlordane 0.00330 0.0100 0.0200 ug/L 

beta-BHC 0.00330 0.0100 0.0200 ug/L 

Chlordane (tech) 0.0170 0.0250 0.0500 ug/L 

delta-BHC 0.00330 0.0100 0.0200 ug/L 

Dieldrin 0.00500 0.0100 0.0200 ug/L 

Endosulfan I 0.00330 0.0100 0.0200 ug/L 

Endosulfan II 0.00500 0.0100 0.0200 ug/L 

Endosulfan sulfate 0.00500 0.0100 0.0200 ug/L 

Endrin 0.00500 0.0100 0.0200 ug/L 

Endrin aldehyde 0.00500 0.0100 0.0200 ug/L 

Endrin ketone 0.00500 0.0100 0.0200 ug/L 

gamma-BHC (Lindane) 0.00330 0.0100 0.0200 ug/L 

gamma-Chlordane 0.00330 0.0100 0.0200 ug/L 

Heptachlor 0.00330 0.0100 0.0200 ug/L 

Heptachlor epoxide 0.00330 0.0100 0.0200 ug/L 

Methoxychlor 0.00330 0.0100 0.0200 ug/L 

Mirex 0.00330 0.0100 0.0200 ug/L 

Toxaphene 0.330 0.667 1.00 ug/L 

Aroclor-1016 0.125 0.250 0.500 ug/L 

Aroclor-1221 0.125 0.250 0.500 ug/L 

Aroclor-1232 0.125 0.250 0.500 ug/L 

Aroclor-1242 0.125 0.250 0.500 ug/L 

Aroclor-1248 0.125 0.250 0.500 ug/L 

Aroclor-1254 0.125 0.250 0.500 ug/L 

Aroclor-1260 0.125 0.250 0.500 ug/L 

Aroclor-1262 0.125 0.250 0.500 ug/L 

Aroclor-1268 0.125 0.250 0.500 ug/L 

Analyte (Soil) MDL/DL LOD LOQ/RL Units 

4,4'-DDD 0.170 0.340 0.670 ug/Kg 

4,4'-DDE 0.170 0.340 0.670 ug/Kg 

4,4'-DDT 0.170 0.340 0.670 ug/Kg 

Aldrin 0.110 0.340 0.670 ug/Kg 

alpha-BHC 0.110 0.340 0.670 ug/Kg 

alpha-Chlordane 0.110 0.340 0.670 ug/Kg 

beta-BHC 0.110 0.340 0.670 ug/Kg 

Chlordane (tech) 0.570 0.850 1.70 ug/Kg 

delta-BHC 0.110 0.340 0.670 ug/Kg 

Dieldrin 0.170 0.340 0.670 ug/Kg 

Endosulfan I 0.110 0.340 0.670 ug/Kg 

Endosulfan II 0.170 0.340 0.670 ug/Kg 

Endosulfan sulfate 0.170 0.340 0.670 ug/Kg 

Endrin 0.170 0.340 0.670 ug/Kg 

Endrin aldehyde 0.170 0.340 0.670 ug/Kg 
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Analyte (Soil) MDL/DL LOD LOQ/RL Units 

Endrin ketone 0.170 0.340 0.670 ug/Kg 

gamma-BHC (Lindane) 0.110 0.340 0.670 ug/Kg 

gamma-Chlordane 0.110 0.340 0.670 ug/Kg 

Heptachlor 0.110 0.340 0.670 ug/Kg 

Heptachlor epoxide 0.110 0.340 0.670 ug/Kg 

Methoxychlor 0.110 0.340 0.670 ug/Kg 

Toxaphene 11.0 22.0 33.0 ug/Kg 

Aroclor-1016 4.17 8.33 16.7 ug/Kg 

Aroclor-1221 4.17 8.33 16.7 ug/Kg 

Aroclor-1232 4.17 8.33 16.7 ug/Kg 

Aroclor-1242 4.17 8.33 16.7 ug/Kg 

Aroclor-1248 4.17 8.33 16.7 ug/Kg 

Aroclor-1254 4.17 8.33 16.7 ug/Kg 

Aroclor-1260 4.17 8.33 16.7 ug/Kg 

Aroclor-1262 4.17 8.33 16.7 ug/Kg 

Aroclor-1268 4.17 8.33 16.7 ug/Kg 

Analyte (TCLP) MDL/DL LOD LOQ/RL Units 

Chlordane (tech) 0.000170 0.000250 0.000500 mg/L 

Endrin 0.0000500 0.000100 0.000200 mg/L 

gamma-BHC (Lindane) 0.0000330 0.000100 0.000200 mg/L 

Heptachlor 0.0000330 0.000100 0.000200 mg/L 

Heptachlor epoxide 0.0000330 0.000100 0.000200 mg/L 

Methoxychlor 0.0000330 0.000100 0.000200 mg/L 

Toxaphene 0.00330 0.00670 0.0100 mg/L 
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Table 1. Organic Analysis by Gas Chromatography (Methods  8081, 8082) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Demonstrate 

acceptable analytical 

capability 

Prior to using any test 

method and at any time there 

is a significant change in 

instrument type, personnel, 

test method, or sample 

matrix. 

QC acceptance criteria 

published by DoD, if 

available; otherwise, 

method-specified criteria. 

Recalculate results; locate 

and fix problem, then rerun 

demonstration for those 

analytes that did not meet 

criteria (see Section C.1.f). 

Not Applicable (NA). This is a demonstration of analytical 

ability to generate acceptable precision 

and bias per the procedure in Appendix 

C.  No analysis shall be allowed by 

analyst until successful demonstration of 

capability is complete. 

MDL 

determination  

Initial method demonstration 

required for some states – 

not required for DoD 

Refer to SOP QS09.    

LOD determination 

and verification 

Prior to initial analysis then 

quarterly verification. 

See Box D-13 of DoD QSM 

4.1 

   

LOQ establishment 

and verification 

Prior to initial analysis then 

quarterly verification. 

See Box D-14 of DoD QSM 

4.1 

   

Retention time (RT) 

window width 

calculated for each 

analyte and 

surrogate 

At method set-up and after 

major maintenance (e.g., 

column change). 

RT width is ± 3 times 

standard deviation for each 

analyte RT from a 72-hour 

study.   

Minimum ±0.030min. 

NA. NA.   

Breakdown check 

(Endrin / DDT 

Method 8081 only) 

At the beginning of each 12-

hour period, prior to analysis 

of samples. 

Degradation ≤ 15% for both 

DDT and Endrin. 

Correct problem then repeat 

breakdown check. 

Flagging criteria are not 

appropriate. 

No samples shall be run until degradation 

≤ 15% for both DDT and Endrin. 

Minimum five-point 

initial calibration 

(ICAL) for all 

analytes  

ICAL prior to sample 

analysis. 

One of the options below:   

 

Option 1: RSD for each 

analyte ≤ 20%;   

 

Option 2: linear least squares 

regression: r ≥ 0.995;   

 

Option 3: non-linear 

regression:  coefficient of 

determination (COD) r2 ≥ 

0.99 (6 points shall be used 

for second order, 7 points 

shall be used for third order). 

Correct problem then repeat 

ICAL. 

Flagging criteria are not 

appropriate. 

Problem must be corrected.  No samples 

may be run until ICAL has passed.   

 

Calibration may not be forced through 

the origin for DoD analyses. 

 

Quantitation for multicomponent analytes 

such as chlordane, toxaphene, and 

Aroclors must be performed using a 5-

point calibration, if detected.  Results 

may not be quantitated using a single 

point. 
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Table 2.  Organic Analysis by Gas Chromatography (Methods  8081, 8082) (continued) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Retention time 

window position 

establishment for 

each analyte and 

surrogate 

Once per ICAL and at the 

beginning of the analytical 

shift. 

Position shall be set using  

the midpoint standard of the 

ICAL curve when ICAL is 

performed.  On days when 

ICAL is not performed, the 

initial CCV is used. 

NA. NA.   

Second source 

calibration 

verification (ICV) 

Immediately following 

ICAL.  

All project analytes within 

established retention time 

windows. 

 

All project analytes within ± 

20% of expected value from 

the ICAL;  

 

 

Correct problem, rerun ICV.  

If that fails, repeat ICAL.  

Flagging criteria are not 

appropriate for DoD 

analyses.  

Problem must be corrected.  

No samples may be run until 

calibration has been verified. 

Continuing 

calibration 

verification (CCV) 

Prior to sample analysis, 

after every 10 field samples, 

and at the end of the analysis 

sequence. 

All project analytes within 

established retention time 

windows. 

 

All project analytes within ± 

20% of expected value from 

the ICAL;  

 

 

Correct problem, then rerun 

calibration verification.  If 

that fails, then repeat ICAL.  

Reanalyze all samples since 

the last successful 

calibration verification. 

If reanalysis cannot be 

performed, data must be 

qualified and explained in 

the case narrative.  Apply 

qualifier to all results for the 

specific analyte(s) in all 

samples since the last 

acceptable calibration 

verification. 

Problem must be corrected.  

Results may not be reported 

without a valid CCV.  

Flagging is only appropriate 

in cases where the samples 

cannot be reanalyzed. 

 

Retention time windows are 

updated per the method. 

Method blank One per preparatory batch. No analytes detected > ½ RL 

and > 1/10 the amount 

measured in any sample or 

1/10 the regulatory limit 

(whichever is greater).  

Blank result must not 

otherwise affect sample 

results. 

Correct problem, then see 

SOP QS05.  If required, 

reprep and reanalyze method 

blank and all samples 

processed with the 

contaminated blank. 

If reanalysis cannot be 

performed, data must be 

qualified and explained in 

the case narrative.  Apply B-

flag to all results for the 

specific analyte(s) in all 

samples in the associated 

preparatory batch. 

Problem must be corrected.  

Results may not be reported 

without a valid method 

blank.  Flagging is only 

appropriate in cases where 

the samples cannot be 

reanalyzed. 

Laboratory control 

sample (LCS) 

containing all 

analytes to be 

reported, including 

surrogates 

One per preparatory batch. QC acceptance criteria 

specified by DoD, if 

available.  Otherwise, use in-

house control limits.  In-

house control limits may  

not be greater than ± 3 times 

the standard deviation of the 

mean LCS recovery. 

Correct problem, then reprep 

and reanalyze the LCS and 

all samples in the associated 

preparatory batch for failed 

analytes, if sufficient sample 

material is available (see full 

explanation in Appendix G). 

If reanalysis cannot be 

performed, data must be 

qualified and explained in 

the case narrative.  Apply 

qualifier to specific 

analyte(s) in all samples in 

the associated preparatory 

batch. 

Problem must be corrected.  

Results may not be reported 

without a valid LCS.  

Flagging is only appropriate 

in cases where the samples 

cannot be reanalyzed. 
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Table 2.  Organic Analysis by Gas Chromatography (Methods  8081, 8082) (continued) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix spike (MS) One per preparatory batch 

per matrix. 

For matrix evaluation, use 

LCS acceptance criteria 

specified by DoD, if available.  

Otherwise, use in-house LCS 

control limits.  

Examine the project-specific 

DQOs.  Contact the client as to 

additional measures to be taken. 

For the specific analyte(s) in 

the parent sample, apply 

qualifier if acceptance 

criteria are not met. 

For matrix evaluation only.  

If MS results are outside the 

LCS limits, the data shall be 

evaluated to determine the 

source of difference and to 

determine if there is a matrix 

effect or analytical error.  

Matrix spike 

duplicate (MSD) or 

sample duplicate 

One per preparatory batch 

per matrix. 

MSD:  For matrix evaluation, 

use LCS acceptance criteria 

specified by DoD, if available.  

Otherwise, use in-house LCS 

control limits.  

 

MSD or sample duplicate:  

RPD ≤ 30% (between MS and 

MSD or sample and sample 

duplicate). 

Examine the project-specific 

DQOs.  Contact the client as to 

additional measures to be taken. 

For the specific analyte(s) in 

the parent sample, apply 

qualifier if acceptance 

criteria are not met. 

The data shall be evaluated 

to determine the source of 

difference. 

Surrogate spike  All field and QC samples. QC acceptance criteria 

specified by DoD, if available.  

Otherwise, use in-house 

control limits. 

For QC and field samples, 

correct problem then reprep and 

reanalyze all failed samples for 

failed surrogates in the associated 

preparatory batch, if sufficient 

sample material is available.  If 

obvious chromatographic 

interference with surrogate is 

present, reanalysis may not be 

necessary. 

Qualify surrogate results on 

form I. 

Alternative surrogates are 

recommended when there is 

obvious chromatographic 

interference. 

Confirmation of 

positive results 

(second column or 

second detector) 

All positive results must be 

confirmed. 

Calibration and QC criteria 

same as for initial or primary 

column analysis.  Results 

between primary and second 

column RPD ≤ 40%. 

NA. Apply qualifier if RPD > 

40%.  Discuss in the case 

narrative. 

Use project-specific 

reporting requirements if 

available; otherwise, use 

method reporting 

requirements; otherwise, 

report the result from the 

primary column. 

Results reported 

between DL and 

LOQ 

NA. NA. NA. Apply J-flag to all results 

between DL and LOQ. 
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Table 4, Data Reviewers Checklist (Prior to approving data) 
 

ANALYST DATA REVIEW CHECKLIST 
 

 

Sample Number(s): 

Batch Number(s): 

Method: 8081/8082 

 
 

QA/QC Item 
 

Yes 
 

No 
 

NA 
Second Level 

Review 
 
A. Initial Calibration 
 1. Did the evaluation mix pass criteria? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 2. Does the curve consist of at least five Calibration Standards 

(six for quadratic curve)? 

 
 

 
 

 
 

 
 

 
 3. Is the low standard equal to or below the MRL/LOQ? 

 
 

 
 

 
 

 
 

 
 4. Are the %RSD or fit criteria within QC limits for all 

analytes? 

 
 

 
 

 
 

 
 

 
B. Second Source Verification 
 1. Was the initial calibration curve verified by a second source 

calibration standard (ICV) and have criteria been met? 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
C. Continuing Calibration 
 1. Are the Continuing Calibration Verification (CCV) 

standards analyzed every 20 samples or every 12 hours and 
at the end of the sequence? 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 2. Are the % differences within QC limits for all analytes? 

 
 

 
 

 
 

 
 

 
D. Sample Analysis 
 1. Did the evaluation mix pass criteria? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 2. Are all sample holding times met? 

 
 

 
 

 
 

 
 

 
 3. Are all samples with concentrations > the highest standard 

used for initial calibration diluted and reanalyzed? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 4. For single peak analytes - are all compounds identified on 

the primary column confirmed on the secondary column? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 5. For multi-peak analytes - does the pattern of the analyte in 

the sample match the pattern of the standard? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 6. Are surrogate recoveries within QC limits?  (one surrogate 

both columns) 

 
 

 
 

 
 

 
 

 



V:\Standard Operating Procedures\Current SOP File Directory\SOP211_R22_20100707.doc Page 20 of 21 

ANALYST DATA REVIEW CHECKLIST, cont. 
 

 
 
E. QC Samples 
 1. Is the Method Blank extracted at the desired frequency and 

is its concentration for target analytes less than the MDLs? 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 2. Is the Laboratory Control Sample and its percent recovery 

within QC limits? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 3. Is the Matrix Spike/Matrix Spike Duplicate extracted at the 

desired frequency and is the percent recovery/RPD within 
QC limits? 

 
 
 

 
 
 

 
 
 

 
 
 

 
F. Others 
 1. Are all nonconformances included and noted? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 2. Are all calculations checked at the minimum frequency 

with one example worked out in the space below? 

 
 

 
 

 
 

 
 

 
 3. Did analyst initial/date the appropriate printouts and report 

sheets? 

 
 

 
 

 
 

 
 

 
 4. Are all sample IDs and units checked for transcription 

errors? 

 
 

 
 

 
 

 
 

 
 5. Are all manual integrations checked by a second reviewer 

to verify they were performed correctly? 

 
 
 

 
 
 

 
 
 

 
 
 

 

Calculation – one complete calculation from raw area/height to final concentration: 

 

Comments on any "No" response: 

 

               Analyst:  Date:  

    

Second-Level Review:  Date:  
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Table 5 – Standard concentrations/sources  

NOTE: All standards are fully documented within the LIMS 

 

Level 1 

(ppb) 

Level 2 

(ppb) 

Level 3 

(ppb) 

Level 4 

(ppb) 

Level 5 

(ppb) 

Level 6 

(ppb) 

MIDPOINT 

Level 7 

(ppb) 

Primary Source 

(Concentration-ppm) 

Secondary Source** 

(Concentration-ppm) 

Single Component Pesticides 1 5 10 25 50 100 200 Restek (200) Accustandard (1000) 

Mirex 1 5 10 25 50 100 200 Accustandard (100) ChemService (100) 

DCB/TCMX 1 5 10 25 50 100 200 Restek (200) NA 

Technical Chlordane* - 5 10 25 50 100 200 Restek (1000) Ultra Scientific (5000) 

Toxaphene* - 50 100 500 750 1000 2500 Restek (1000) Accustandard (100) 

PCB-1016/PCB-1260 - 50 100 500 750 1000 2500 Restek (1000) Accustandard (1000) 

PCB-1221* - 50 100 500 750 1000 2500 Restek (1000) Accustandard (1000) 

PCB-1242* - 50 100 500 750 1000 2500 Restek (1000) Accustandard (1000) 

PCB-1248* - 50 100 500 750 1000 2500 Restek (1000) Accustandard (1000) 

PCB-1254* - 50 100 500 750 1000 2500 Restek (1000) Accustandard (1000) 

PCB-1262* - 50 100 500 750 1000 2500 Restek (1000) Accustandard (100) 

PCB-1268* - 50 100 500 750 1000 2500 Restek (1000) Accustandard (500) 

* - Toxaphene and Technical Chlordane single point at low standard unless detected.  PCB calibration 1016/1260 unless other pattern detected. 

** - Secondary Source may be from any vendor other than the primary source. 
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Changes Summary 

 

Revision 09, 07/12/10 

• The SOP is an update from Revision 08 dated 04/28/09 

• The SOP has been reviewed and confirmed to be accurate. 

• The soil TOC method calibration concentrations were updated.   

• The LCS reference was changed to BS. 



 
 

 
 
 

TOTAL ORGANIC CARBON (TOC) 
BY SM5310C, SW846 METHOD 9060/9060A AND Lloyd KAHN 

METHOD “DETERMINATION OF TOC IN SEDIMENT” 
 

I. SCOPE AND APPLICATION 
 
 This SOP describes the measurement of TOC by SM5310C, SW-846 Method 9060/9060A and Lloyd 

Kahn Method for determination in soil /sediment matrix. 
 
 SM5310C is used to determine the concentration of organic carbon in source and drinking water, SW-

846 Method 9060/9060A is used to determine concentrations of carbon in saline waters, domestic 
and industrial wastes and SW846 Method 9060 is modified for soil determination and the L1oyd 
Kahn Method is used for determination of TOC in soil/sediment and solid matrices.SW846 Method 
9060/9060A and the Lloyd Kahn Method require quadruplicate analysis of samples, where as 
SM5310C requires a minimum of two analyses.  These methods should be read over carefully by the 
analyst and any restrictions should be noted. 

 
II. SUMMARY OF METHOD 
 

The organic carbon is measured using an Shimadzu Total Organic Carbon Analyzer (aqueous 
samples) and an OI Analytical Solids TOC Analyzer model 1010 (soil/sediment samples). The 
Shimadzu instrument converts the organic carbon in a sample using wet chemical oxidation.  The 
CO2  formed is then measured by an infrared detector (replaces ultraviolet detector in SM 5310C). 
With the model 1010 Solids TOC analyzer, TOC is determined by acidifying a sample and heating it 
to 250°C to remove the TIC.  The sample is then heated to 900°C to combust the remaining TOC.  
The resulting carbon dioxide from the TOC is detected by a non-disperse infrared (NDIR) detector 
that has been calibrated to directly display the mass of carbon dioxide detected.  This mass is 
proportional to the mass of TOC in the sample. 
 
The limit of detection for the water method is 0.50 mg carbon/L and the Limit of quantitation is 1.0 
mg carbon/L.  The limits of detection and quantitation with the soil method depends on the how 
many grams of sample is used for the analysis.  For a 250 mg sample the limit of detection is 460 
mg/kg and the limit of quantitation is 1600 mg/kg.  

 
III. SAMPLING HANDLING AND PRESERVATION 

 
3.1 Sampling and storage in glass bottles is preferable.  Sampling and storage in plastic bottles 

such as conventional polyethylene and cubitainers is permissible if it is established that the 
containers do not contribute contaminating organics to the samples.  NOTE 1:  A brief study 
performed in the EPA Laboratory indicated that distilled water stored in new, one quart 
cubitainers did not show any increase in organic carbon after two weeks exposure. 

 
3.2 Because of the possibility of oxidation or bacterial decomposition of  some components of 

aqueous samples, the lapse of time between collection of samples and start of analysis should 
be kept to a minimum.  The holding time is 28 days for waters and soils with the exception of 



the Lloyd Kahn method soils, which requires a 14 day holding time.  Also, samples must be 
kept cool (4°C) and protected from sunlight and atmospheric oxygen. 

 
3.3 When water samples cannot be analyzed immediately, the sample is preserved by acidification 

to (pH </= 2) with HCl or H2SO4.  Both water and soil samples are stored at 4°C. 
 
IV. INTERFERENCES 

4.1 WATER METHOD 
4.1.1 Removal or carbonate and bicarbonate carbon by acidification and purging with purified 

gas results in the loss of volatile organic substances.  The volatiles also  can be lost during 
sample blending, particularly if the temperature is allowed to rise.  Another important loss 
can occur if large carbon-containing particles fail to enter the needle used for injection.  
Filtration although necessary to eliminate particulate organic matter when only DOC is to 
be determined, can result in loss or gain of DOC, depending on the physical properties of 
the carbon-containing compounds and the adsorption of carbonaceous material on the 
filter, or its desorption from it.  Check filters for their contribution to DOC by analyzing a 
filtered blank.  Note that any contact with organic material may contaminate a sample.  
Avoid contaminated glassware, plastic containers, and rubber tubing.  Analyze treatment, 
system, and reagent blanks. 

   
4.1.2 This procedure is applicable only to homogenous samples which can be injected into the 

apparatus reproducibly by means of a pipette.  The openings of the pipette limit the 
maximum size of particles which may be included in the sample. 

 
4.2  SOIL METHOD 

4.2.1 All materials must be routinely demonstrated to be interference –free under the analysis 
conditions by running blanks.  Use high purity or purified reagents and gases to help 
minimize interference problems. 

4.2.2 The infrared detector is sensitized to CO2 and accomplishes virtually complete rejection of 
response from other gases that absorb energy in the infrared region. 

V.  DEFINITIONS 

 
5.1 ANALYTICAL BATCH-The set of samples extracted /distilled/ or digested at the same time to a 

maximum of 20 samples. 
 

5.2 CALIBRATION BLANK (CB)- A volume of reagent water in the same matrix as the calibration 
standards, but without the analyte. 

 
5.3 CALIBRATION STANDARD (CAL)- A solution prepared from the primary dilution standard 

solution or stock standard solutions.  The CAL solutions are used to calibrate the instrument 
response with respect to analyte concentration. 

 
5.4 FIELD BLANK (FMB)- An aliquot of reagent water or equivalent neutral reference material 

treated as a sample in all aspects, including exposure to a sample bottle holding time, preservatives, 
and all preanalysis treatments.  The purpose is to determine if the field or sample transporting 
procedures and environments have contaminated the sample. 

 
5.5 FIELD DUPLICATE (FD)- Two samples taken at the same time and place under identical 

circumstances which are treated identically throughout field and laboratory procedures.  Analysis of 



field duplicates indicates the precision associated with sample collection, preservation, and storage, 
as well as with laboratory procedures. 

 
5.6 LABORATORY BLANK (LRB)- An aliquot of reagent water or equivalent neutral reference 

material treated as a sample in all aspects, except that it is not taken to the sampling site.  The 
purpose is to determine if the analytes or interferences are present in the laboratory environment, 
the reagents, or the apparatus. 

 
5.7 LABORATORY CONTROL SAMPLE (BS)- A solution prepared in the laboratory by dissolving a 

known amount of one or more pure compounds in a known amount of reagent water.  Its purpose 
is to assure that the results produced by the laboratory remain within the acceptable limits for 
precision and accuracy.  (This should not be confused with a calibrating standard, it must be 
prepared from a source other than the same source as the calibration standards). 

 
5.8 LABORATORY DUPLICATE (LD)-  Two aliquots of the same environmental sample treated 

identically throughout a laboratory analytical procedure.  Analysis of laboratory duplicates indicates 
precision associated with laboratory procedures but not with sample collection, preservation, or 
storage procedures. 

 
5.9 QUALITY CONTROL CHECK SAMPLE (QCS)- A sample containing analytes of interest at 

known concentrations (true value) of analytes.  The QCS is obtained from a source external to the 
laboratory or is prepared from standards obtained from a different source than the calibration 
standards.  The purpose is to check laboratory performance using test materials that have been 
prepared independently from the normal preparation process. 

 
5.10  METHOD DETECTION LIMIT (MDL)-  The lowest level at which an analyte can be detected 

with 99 percent confidence that the analyte concentration is greater than zero. 
 

 
VI. REAGENTS/STANDARDS 
 

Store all reagents and standards according to recommendations.  All standards should be stored away 
from light and at 4°C (± 2°C). 
 
6.1 The laboratory reagent blank water used for TOC analysis is obtained from the Modulab 

Analytical water purification system in the analytical laboratory.  Boiling the water is not 
necessary as the method states. 

 
6.2 Potassium hydrogen phthalate, primary stock solution, 1000 mg/L:  Dissolve 0.2128g of 

potassium hydrogen phthalate (primary standard grade) in 100.0 mL water. 
 
6.3. Potassium hydrogen phthalate, standard solutions :  A 100 mg/L standard is prepared by 

transferring 10 mL of the stock solution to a 100 mL volumetric flask and diluting to the mark 
with water.  This solution is prepared on a daily basis. 

 
6.4. The carbonate-bicarbonate solutions are not needed for this instrument. 

 
6.5 Calibration Standards 
 

1. For the water method,  calibration standard is Potassium Hydrogen Phthalate.  Standards 
are made from dilutions of the stock 1000 mg/L standard as follows: 



 
1.0 mg/L = 0.10 mL of 1000 mg/L -> 100 mL  
2.5 mg/L = 0.25 mL of 1000 mg/L -> 100 mL 
5.0 mg/L = 0.50 mL of 1000 mg/L -> 100 mL 
10.0 mg/L = 1.0 mL of 1000 mg/L -> 100 mL 
25.0 mg/L = 5.0 mL of 1000 mg/L -> 200 mL 
50.0 mg/L = 10.0 mL of 1000 mg/L -> 200 mL  
100 mg/L = 10.0 mL of 1000 mg/L -> 100 mL 
 
A low level standard curve must be run for drinking water samples with the standards 
made as follows: 
 
0.25 mg/L = 0.025 mL of 1000 mg/L -> 100 mL 
0.50 mg/L = 0.050 mL of 1000 mg/L -> 100 mL 
1.0 mg/L = 0.10 mL of 1000 mg/L -> 100 mL  
1.5 mg/L = 0.15 mL of 1000 mg/L -> 100 mL 
2.5 mg/L = 0.25 mL of 1000 mg/L -> 100 mL 
5.0 mg/L = 0.50 mL of 1000 mg/L -> 100 mL  
10.0 mg/L = 1.0 mL of 1000 mg/L -> 100 mL 

 
2. The soil method the calibration standard is prepared by using an OI commercially 

prepared 30% carbon sucrose solution. 
 

6.6 Laboratory Control Sample: 
 

1. For the water method, the Laboratory Control Sample is normally made from a 
performance evaluation solution of which the true value is known.  This solution is given 
a unique identifier. 

 
2. For the soil method, the Laboratory Control Sample is made from a 30% sucrose solution 

which is made by weighing up 7.125 grams of  EM Reagent Grade Sucrose and diluting to 
10 mL with deionized water volumetrically.  

 
6.7. Persulfate oxidation solution:  This solution is made by dissolving 60g  of     sodium persulfate 

in DI water, adding 15 ml of phosphoric acid and diluting to 500 ml. 
 
6.8 Phosphoric acid solution: Dilute 100 mL of concentrated 85% phosphoric acid in 500 mL of  

water.  This is used for water.  
 
6.9 Phosphoric acid solution 5%: Dilute 59 mL of concentrated 85% phosphoric acid in 1000 mL 

of  water.  This is used for soil.  
 
 
VII. INSTRUMENTATION 
 

7.1 The instrument used for the Water TOC analysis is a Shimadzu Total Carbon Analyzer.  An 
OIC 1010 soil/sediment carbon analyzer is used for soil samples. 

 
7.2 There is a Shimadzu autosampler which will hold 68 samples.  
 



7.3 The corresponding data for each sample is obtained from the Shimadzu software for the 
water samples.  The soil/sediment data are printed out at the organic GC printer. 

 
VIII. AQUEOUS SAMPLE PROCEDURE 
 
  
 

8.1 Wearing labcoat, gloves and safety glasses, the standards and check solutions should be taken 
out of the refrigerator and allowed to warm to room temperature.  Also, remove samples from 
sample storage signing them out appropriately on the internal chain of custody form. Fresh 
acid and oxidation solutions should be poured into the appropriate containers on the front of 
the instrument.   

8.2 Follow the instructions for operation of the instrument in Chapter 4, section 4.3 of the 
Shimadzu Model TOC-VWS User Manual.  See Appendix I. for  Basic TOC start-up notes 
for analysis. 

 
 
8.3 Following is a list outlining the order in which the samples should be run.  Each sample 

VOA vial should be numbered and its identity entered into the TOC schedule.  Note:  All 
blanks should be acidified to pH 2 to match the matrix of the samples analyzed. 

 
1. 100 ppm 
2. 50 ppm 

 3. 25 ppm 
 4. 10 ppm 
 5. 5.0 ppm 
 6. 2.5 ppm 
 7. 1.0 ppm 

8. Method blank  
9. BS + 9 samples (including any sample QC 
10. 25 ppm 
11. 10 samples (including any sample QC)  
12. 50 ppm 
 

8.8 Insrument printouts are generated from the software.  Normal procedure is followed for 
preparing reports and the data is second checked before being given to the supervisor.     

 
 
IX. SOIL/SEDIMENT SAMPLE PROCEDURE 

 
A sample is introduced into the Solid Module via a conditioned sample cup.  Once the sample has 
been introduced the entire analysis sequence is automatic. Please reference Chapter 4 of the OI 1010 
Solid Module instrument manual for instrument states and configuration when initially setting the 
instrument methods up.  
TC Mode Instrument Settings: 
 
Analysis Temp: 900°C 
Analysis Time: 6.5 minutes 
Nitrogen Gas Flow:    60-100 psi (external regulator regulator) 
Oxygen Gas Flow:   40-60 psi  (external regulator) 
 



This is a step by step description of a routine soil TOC analysis. 
 

9.1 The standards and check solutions should be taken out of the refrigerator and allowed to 
warm to room temperature. The nitrogen and oxygen (internal regulator should be set at 50-
60 psi) turned on allowing a nitrogen flow of 350-400mL/minute and an oxygen flow of 180 
mL/minute (± 3 mL/minute). 

 
NOTE:  DO NOT TURN THE ANALYZER ON BEFORE TURNING THE GAS ON! 

 
9.2 Let the gas flow through the instrument for a few minutes. The instrument should now be 

turned on and let to stabilize for 30 minutes. 
 
9.3 Condition the cups (with quartz wool in them) using Diagnostics under Instrument Menu 

commands, (don’t condition too many cups at a time since setting in contact with the air can 
cause contamination). 

 
9.4 Set up the subdirectory (using the current date to ID it) under WinTOC output.   
 
9.5 If doing an initial calibration curve use an appropriate µL syringe to make the following 

measurements of the sucrose standard in order to achieve the indicated concentrations.  Make 
sure that there are no air bubbles in the syringe.  Turn the syringe with the needle pointed up 
and vibrate the barrel and disperse any air from the syringe.  To enter the calibration 
information on the instrument go to Instrument Cal Menu, type in the calibration standard 
values and save the file as the cal.. date analyzed. 

 
µL 30% Sucrose STD Concentration  (mg)            

0 0 
2.0 (1:6 solution) 0.10 

3.0 0.90 
25 7.5 
50 15 

Note: The 1:6 solution of the 30% Sucrose standard is prepared by mixing 100µL of the 30% 
Sucrose standard with 500µL of water. 

 
9.6 Enter the sequence to be analyzed as listed below: 

 
1. CCV(CCV1+ date analyzed for ID) or Initial calibration – single analyses 
2. Method Blank(MB + date analyzed for ID) – single analyses 
3. BS, 15 mg dextrose (BS + date analyzed for ID) – single analyses 
4. Sample – 4 replicates 
5. Sample – 4 replicates 
6. Sample – 4 replicates 
7.  Sample – 4 replicates 
8. Sample – 4 replicates 
9. CCV(CCV1+ date analyzed for ID)2 – single analyses 
10. Sample – 4 replicates 
11. Sample – 4 replicates 
12. Sample – 4 replicates 
13. Sample – 4 replicates 
14. Sample – 4 replicates 
15. CCV (CCV2+ date analyzed for ID) – single analyses 



16. Sample – 4 replicates 
17. Sample – 4 replicates 
18. Sample – 4 replicates 
19. Sample – 4 replicates 
20. Sample – 4 replicates 
21. CCV(CCV3+ date analyzed for ID)  – single analyses 
22. Sample – 4 replicates 
23. Sample – 4 replicates 
24. Sample – 4 replicates 
25. Sample – 4 replicates 
26. Sample – 4 replicates 
27. CCV(CCV4+ date analyzed for ID)  – single analyses 
28. SampleMS – 4 replicates 
29. SampleDUP – 4 replicates 
30. FCV(CCV4+ date analyzed for ID)  – single analyses 
31. FCB(FCB4+ date analyzed for ID)  – single analyses 
 

 
9.7 Samples should be stored away from light and at 4°C (± 2°C).  Wearing labcoat, gloves and 

safety glasses remove samples from sample storage signing them out appropriately on the 
internal chain of custody form.  

 
9.8 Transfer a homogeneous aliquot(~5 g) of the sample into a small pre-labeled aluminum 

weighing pan.  Label each pan with the appropriate sample ID then add enough phosphoric 
acid (1-2 ml) to remove the Total inorganic carbon (TIC) when the sample is placed in an 
oven at 250°C.  Place the samples in the 250°C oven for 10 minute and begin prepping the 
sample cups to weigh 0.2g-1.0g of each sample(in quadruplicate).  Limit the time that the cups 
are exposed to the atmosphere as to reduce potential contamination.  Note:  Since the 
samples are dried in this manner, before the sample aliquot it taken, a % solids 
determination and calculation is NOT necessary to report the sample concentrations 
in dry weight.  After samples are dried crush samples using a clean mortar and pestle.  

 
9.9 Set the OI 1010 to the TC Mode and start running the sequence beginning with the initial 

calibration or calibration verification standard as illustrated above.  Weigh each sample in 
quadruplicate making sure to limit the time that samples are exposed to the atmosphere.  

 
9.10 The Excel file for calculations is located in “V:\WCM\TESTS\TOC soil\”.  The sample 

identity, its corresponding mgC reading, and the sample weight are entered into the 
appropriate columns.  The Excel worksheet is self explanatory.  Normal procedure is followed 
for preparing reports and the data is second checked before being given to the supervisor.     

 
X. QC REQUIREMENTS 
 

10.1 Analyze a laboratory control sample (BS) for each batch of samples (maximum of 10 
samples per day).  If the BS does not fall within the control limits of 80 to 120%, corrective 
action must be taken to find and correct the problem. 

 
10.2 Run a method blank (PB) for each batch of samples (maximum of 20 samples per day).  The 

PB should be less than 1/2 the reporting limit. 
 



10.3 One matrix spike and matrix spike duplicate must be run per set of 20 samples. For water 
analysis, a spike and spike duplicate are made by mixing 20 mLs of sample with 0.30 mLs of 
stock 1000 mg/L standard using an ependorf pipette. The true value is 15 mg/L. The percent 
recoveries on a MS and a MSD should be within 75 and 125%.  Relative percent difference 
(RPD) on duplicates should be less than 20%.  If not, a corrective action (CAR) must be 
approved by your supervisor.  

 
10.4 Analyze an initial calibration verification (ICV) immediately after the calibration curve.  

Analyze a calibration check verification (CCV) standard every tenth sample and at the end or 
after every fifth sample when analyzing samples in quadruplicate.  Analyze a CCV after every 
5th sample when analyzing soil/sediment samples.   The percent recoveries should be in the 
range of 90 to 110%.  The CCV %RSD warning limits are <15% for aqueous samples and 
<20% for soil/sediment samples.  If the CCV % RSD exceeds 15%(aqueous) or  <30% 
(soil/sediment) and the correlation coefficient is less than 0.990 correct the problem and re-
analyze the CCV.       

 
10.5 When analyzing water samples, all water blanks before samples and standards must be below 

the detection limit, otherwise the samples must be rerun. 
 
10.6 Analyze an initial calibration blank (ICB) following the ICV.  Analyze a continuing calibration 

blank (CCB) following each CCV.  The ICB and CCB should be less than + the MDL.  
 
10.7 Calculate all percent recoveries and relative percent differences on duplicates and show 

calculations on data. 
 
10.8 Calculate all percent recoveries and relative percent differences on duplicates and show 

calculations on data. 
 

Calculate spikes as follows where everything is in concentration. 
 

  Spike – Sample 
 % Recovery  = True Value x100 
 
.  Relative percent difference is calculated as follows, with everything in concentration:  
 
   Higher Concentration – Lower Concentration 
 RPD  = Average of Concentrations x100 
 
 
10.9 SM5310B requires that the analyst repeat injection until consecutive measurements are 

obtained that are reproducible to within ±10%.  A minimum of two injections is required for 
water samples with three replicates preferred.  SW-846 Method 9060/9060A requires 
quadruplicate analysis of each sample.  The Loyd Kahn soil method suggests 1 sample per 20 
be run in quadruplicate.  Some clients may request that all samples to be done in 
quadruplicate.  Please check with your supervisor if you have any questions about the required 
numbered of sample replications.     

 
10.10 For aqueous samples check an acidified 20mg/L inorganic carbon standard quarterly, 

to assure that purge gas flow is adequate to remove inorganic carbon.  The result 
should be below the reported quantitation limit.   

 



 
XI. CORRECTIVE ACTIONS 

 
11.1  INSTRUMENT RELATED 

1. ICV not within + 20% (Soil) or ± 10%  (SM 5310C0 
a. If the problem is with the solution. 

i. Re-prepare,  obtain new stock if necessary. 
b. If the problem is with the calibration. 

i. Recalibrate through analysis of appropriate standards and recheck ICV. 
2. CCV not within + 30% (Soil) or ±15% (SM 5310C) 

a. If the problem is with the solution. 
i. Re-prepare, obtain new stock if necessary. 

b. If the problem is with the calibration. 
i. Recalibrate through analysis of appropriate standards and re-prepare /reanalyze the 

previous ten sample according the following guidelines. 
a. If the CCV was biased high, any of the previous ten samples which were below 

the minimum detection limit do not require reanalysis. 
b. If the CCV was biased low, the previous ten samples must be reanalyzed. 

                      
 *  Incorrectly set gas flow is a common instrument related problem which requires corrective 

action.  Verify that all gas flows are adjusted properly.     
                          

11.2 SAMPLE MATRIX RELATED 
1. Replicate analysis RPD not within +20% aqueous or +50% soil/sediment 

i. The associated sample data must be qualified on the final report. 
2. Spike analysis recovery not within +25% aqueous or +50% soil/sediment 

i. If the analyte level in the sample is greater than 4X the spiking level, the %recovery can 
not be evaluated and no action is taken. 

ii. If the analyte level in the sample is not greater than 4X the spiking level, the associated 
sample data must be qualified on the final report.  A corrective action report must 
accompany the data and be emailed or given to the supervisor. 

 
XII. HEALTH AND SAFETY 
 

A. Care should be used in handling all samples.  Safety glasses must be worn in the lab at all times.  
The use of blue nitrile gloves and lab coats is highly recommended. 

 
B. Research into expected sample content and concentration should be done in order to be prepared 

for additional safety considerations.  Generally, any samples which need special consideration 
have applicable notes on the sample logs. 

C. MSDS are available for all reagents and standards, which have been purchased.  These are located 
in the administrative section next to the break room. 

 
 D.   Please see Waste Disposal;  SOP-405  for proper disposal of the waste generated from this area. 
 
XIII. WASTE DISPOSAL and POLLUTION PREVENTION 

 
Please see Waste Disposal SOP-405, for instruction of proper disposal of waste generated from this 
area. Quantity of chemicals purchased should be based on expected usage during its shelf-life and the 



disposal cost of unused material. Actual reagent preparation volumes should reflect anticipated usage 
and reagent stability. 
 

 
XIV. METHOD PERFORMANCE 

14.1 Precision and Bias for Total Organic Carbon (TOC) by Persulfate-Ultraviolet Oxidation. (Water 

samples) 

Characteristic 

Of Analysis 

Concentration 

determined, 

mg/L: 

Spring 

Water 

Spring 

Water +0.15 

mg/L KHP* 

Tap  

Water 

Tap  

Water +10 

mg/L KHP* 

Municipal 

Wastewater 

Effluent 

Replicate 1 0.402 0.559 2.47 11.70 5.88 

Replicate 2 0.336 0.491 2.49 11.53 5.31 

Replicate 3  0.340 0.505 2.47 11.70 5.21 

Replicate 4 0.341 0.523 2.47 11.64 5.17 

Replicate 5 0.355 0.542 2.46 11.55 5.10 

Replicate 6 0.366 0.546 2.46 11.68 5.33 

Replicate 7 0.361 0.548 2.42 11.55 5.35 

Mean, mg/L 0.35 0.53 2.46 11.53 5.32 

Std. Deviation: 

mg/L 

0.02 0.03 0.02 0.21 0.23 

% 6 6 1 2 4 

Actual Value, 

mg/L 

- 0.50 - 12.46 - 

Recovery, % - 106 - 93 - 

Error, % - 6 - 7 - 

*KHP = potassium acid phthalate. 
 

 14.2 There was no method performance data available for the soil procedure.   
 

 

XV. REFERENCES 
 

1. Annual Book of ASTM Standards, Part 31,  “Water,”  Standard D 2574-79, p. 469 (1976). 
 
 
2. Standard Methods for the Examination of Water and Wastewater, 19th ED., Method 5310C 
(1999). 
 
3. EPA  SW-846, Method 9060/9060A. 
 
4. Lloyd Kahn Method, “Determination of Total Organic Carbon in Sediment” 
 
 
APPENDIX I. 
 
1. Power up the lamp for warm –up, check reagents inside instrument cavity to make sure all are 

filled before starting the run. 
2. Fill Fresh DI water in 1 gallon jug; DI squirt bottle and 1 L plastic  
3. Label and load VOA vials with standards and samples into round tray. 
4. Place round tray onto autosampler, get a final sample count for end point and replace lid. 



5. Make sure that round tray fits down flush onto the autosampler. 
6. On computer screen, select “TOC-Control V” icon. 
7. Then select “Sample Table Editor” 
8. Enter user name: “analyst initials” select OK. 
9. Under “File” select “calibration curve” “OK”. 
10. Under system select Shimadzu TOC-BWS Enter/next 
11. Select Edit Calibration points manually Enter/next 
12. Under “Analysis” select “NPOC” then make up your file name (use today’s date) Enter/next. 
13. Calibration Measurement Parameters are default:  Just hit “next” 
14. Select “ADD” and enter calibration points starting at (1) 100 mg/L (2) 50 mg/L (3) 25 mg/L (4) 

10 mg/L (5) 5.0 mg/L (6) 2.5 mg/L (7) 1.0 mg/L (8) 0.0 mg/L.  After 8 points it should show 
0.00 mg/L first and 100 mg/L eigth if so “next” 

15. Put a check mark in “Correlation Coefficient” check box “next” 
16. “next” 
17. “finish” 
18. Go to file and select “new”, “sample run” “ok” “ok” enter file name:  user date “save”  
19. Now go to insert and select “calibration curve” then scroll till you find your file name/date should 

have .cal after date “select” the “open” 
20. You should now see the sparging /acid addition page which shows a picture of the round sample 

tray.  Under vial manually enter “1”beside 0.00 mg/L. 
21. manually enter “2” beside 1.0 mg/L and “3” beside 2.5 mg/L and so on and so forth all the way 

to “8” this shows what order they ar loaded on the tray.  “Enter/OK” 
22.  Then a screen with your filename/date and all info should be in row 1 only with vial column 

showing. 1,2,3,4, etc. 
23. Select the lightening bolt symbol then enter “use PC settings”  this will start initializing wait till 

screen goes away then you will see the stop light symbol appear with green light showing, select 
that icon  select “keep running” select “standby” 

24. Sparging/acid addition page will re-appear just hit “OK” 
25. Start ASI tray screen will appear hit “Start” 
26. The instrument should start establishing the baseline and move auto tray into position – Lid must 

be on and samples loaded into corret position will take almost 3 hours to finish.  Can view data as 
its coming off by selecting “view” “sample window”.  After calibration is done review. 

27. Select “File” then “New” then “sample run” “ok” 
28. General information screen:  No change select “ok” 
29. Save as screen:  Select today’s date for file name example 00month/00day/00year 
30. Select “save” 
31. Sample Table Screen:  Select “insert” then select “ auto generate” enter 
32. Page 1 sample group wizard sample source:  select “calibration curve” then double click on box 

with 3 dots …   
33. Open latest curve from calibration curves file  
34. Highlight latest curve and select “open” 
35. Should send you back to page 1 with calibration curve info submitted.  Select “next” 
36. Page 2 Sample Parameter:  Enter final sample count for “number of samples” select “next” 
37. Page 3 Calibration Curves:  No changes Select “Next” 
38. Page 4 Calibration Checks:  No changes Select “Next” 
39. Page 5 Controls:  No changes select “finish”, Select “ok” on “Sparging/ Acid page. 
40. Type sequence as they are loaded on tray:  ICV, ICB, BSW, Sample #, client,etc. 
41. Once everything is typed in double check that it matches the way samples and QC are loaded.. 
42. Click or select the lightening bolt symbol then select “use settings on PC”.  Wait for initializing.  

When screen goes awy the traffic light symbol should appear next to the lightning bolt symbol.  
Click on the traffic light symbol. 



43. Click or select “shut down Instructions”.  Then select “standby”  Sparging/ Acid addition screen 
will appear so you can confirm your tray is loaded the wax things are highlighted in blue.  Select 
“OK” if it looks the same. 

44. Start ASI measurement:  External acid addition should have a check mark click on “start” analysis  
should begin to start.   

45. Click on view and chose “sample window” to watch curves come off and to see beginning values. 



EMPIRICAL LABORATORIES, LLC 
STANDARD OPERATING PROCEDURE 

ORGANICS: SOP 225 REVISION #: 09 EFFECTIVE DATE: 20100907 

GC/MS VOLATILE NON-AQUEOUS MATRIX EXTRACTION USING 
SW -846 METHOD S03S/S03SA FOR 8260B ANALYSIS 

APPROVALS: 

Lab Director: \& ~ Date: b tJ / /0 

/7/ ;//) 1>1 A y~ AlA q 'V'" -0 
Data Quality Managy(:!iI1~ ,PJn.!5:)--Date: _{_/_{)_/~ 

Secti"" S"P~'~ n,,,,,LihIO 

v; \ Standard Operating Procedures \ Current SOP File Directory\ SOP225_R09_20100907 .doc Page lof7 



V:\Standard Operating Procedures\Current SOP File Directory\SOP225_R09_20100907.doc   Page 2 of 7                                                                                          

Changes Summary 
 

Revision 09, 09/07/10 

• The SOP is an update from Revision 08 dated 09/24/08 

• The SOP has been updated to include reference to 5035A and preservation by freezing for unpreserved 

Terracores and Encores. 



V:\Standard Operating Procedures\Current SOP File Directory\SOP225_R09_20100907.doc   Page 3 of 7                                                                                          

 

 

 

 

GC/MS - VOLATILE 

NON - AQUEOUS MATRIX EXTRACTION 

USING SW-846 METHOD 5035/A 
 

1.0 SCOPE AND APPLICATION 
 

The purpose of this SOP is to detail soil sample preparation for EPA method SW-846 5035 

and 5035A.  Soil samples should be sampled in the field using the EnCore sampler or 

prepared VOA vials (sometimes referred to as Terracore samplers) then shipped to the lab 

within 24 hours for preservation, storage and analysis.  This SOP should be used in 

conjunction SOP-202, which details the analytical technique. 

 

2.0  SUMMARY 

 
Samples are collected in EnCores or prepared VOA vials and submitted to the laboratory 

for preparation/analysis.. EnCore samplers have to be frozen or prepared within 48 hrs of 

collection. Prepared VOA vials (sometimes referred to as Terracores) are shipped already 

prepared in water, methanol or preservative solution.  If prepared in water, freezing is 

required within 48 hours.  If preservative is used, refrigeration is the only requirement. 

 

 

 3.0   SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 

 
EnCores are prepped within 48 hrs of collection or frozen until preparation can be 

completed.  Preparation can be in sodium bisulfate with refrigeration at 4°C or in reagent 

water with freezing. Prepared VOA vials are received already prepared in water, methanol 

or sodium bisulfate solution.  If prepared in water, freezing is required within 48 hours of 

collection.  If preservative is used, refrigeration at 4°C is the only requirement. Holding 

Time is 14 days from collection once preserved.            

      

4.0   INTERFERENCES AND POTENTIAL PROBLEMS 

 
Sample vials can be a source of contamination. Vials should be checked for 

contamination before use. Samples can be contaminated during sample prep. Prep blanks 

should be prepared at the same time as the samples to check for contamination. 

 

5.0  EQUIPMENT AND MATERIALS  
 

• Sample Containers – 40mL VOA vials with low bleed septa.   Available from ESS 

(Part No. PC0040-0300 pack of 72), alternate sources are possible but must be checked 

for contaminants before use.  ESS also supplies pre-prepped vials with the preservative 

and stirbar (Part No. PC4039-5035  pack of 72). 

• Varian Archon 51 position programmable autosampler, or equiv. 

• Top-loading balance – capable of accurately weighing to 0.01g. 
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• 1-10 mL Adjustable Dispenser, Model 400 Series, Oxford pipettor.  Available from 

Oxford  (Part No. 8885-040009). 

• Spatula, stainless steel – narrow enough to fit into a sample vial. 

• Magnetic stirring bars – PTFE- or glass-coated, of the appropriate size to fit the sample 

vials.  Available from A. Daigger (Part No. WX22782A, case of 50).  

• EnCore sampler – (En Chem, Inc., 1795 Industrial Drive, Green Bay, WI  54302), or 

equivalent.  Necessary for field sampling crew. 

• Terracore Vials- Available from QEC. 

  • Balance weights – used to calibrate the balance. 

  • Labels. 

 

 

6.0  REAGENTS 
 

• Reagent Water - Reagent water is NANO PURE WATER from source in the 

instrument lab, which is then purged with helium before use. 

• Methanol, CH3OH – purge-and-trap quality, or equivalent.  Store away from other 

solvents. 

• Sodium bisulfate, NaHSO4 – ACS reagent grade, or equivalent.  Available from 

Aldrich (Part No. 30,782-3). 

•   Sodium bisulfate solution – Prepare by adding 200 grams of NaHSO4 (ACS reagent    

grade, or equivalent) to 1000 milliliters of helium-purged  reagent water.  Record the 

vendor and lot number of the NaHSO4 in the Standards and Reagents Logbook.  Each 

standard/reagent that is prepared is recorded in the logbook and given a sequential number.  

The label is completed with the standard/reagent number, name, preparation date, 

expiration date, solvent and analyst initials.  The solution should be discarded after six 

months or sooner if it shows signs of contamination.  

  

 

 

7.0 SAMPLE COLLECTION 
 

As with any sampling procedure for volatiles, care must be taken to minimize the 

disturbance of the sample in order to minimize the loss of volatile compounds.  Always 

wear gloves whenever handling the tared sample vials.  Several techniques may be used 

to perform the transfer of the sample to the relatively narrow opening of the low 

concentration soil vial such as the EnCore
TM

 sampler, a cut off disposable plastic syringe, 

or a stainless steel spatula.  We prefer to use the EnCore
TM 

sampler. 

 

7.1 The EnCore
TM

 sampler is both a sampler and a container for low-level and high level 

soils.  It is designed to collect an average weight with the exact weight to be 

determined in the lab.  It is disposable and is also designed to have zero headspace.  

The EnCore
TM

 sampler will require the field personnel to get the sample to the 

laboratory within 24-36 hours of collection. The laboratory needs to be contacted 

prior to sample collection to ensure that all necessary containers (with or without 

preservative) are available and that the proper sampling technique is used. 
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7.2 All low-level soil samples must be collected in duplicate to allow the laboratory an 

additional sample for reanalysis. A third sample should be collected for preparation of 

a high-level sample.  This sample would be prepared at the same time as the 

“low-level” sample.  (Some projects may not require the “low-level” detection limits, 

in this case only the high level sample preparation would be required.).  A fourth 

sample may be collected to enable the laboratory to perform a pretest on the soil to 

determine if the soil sample contains carbonate minerals that will effervesce upon 

contact with the acidic sodium bisulfate preservative solution in the low concentration 

sample vial.  The additional soil samples must be collected from the same soil stratum 

or the same section of solid waste being sampled and within close proximity to the 

location from which the original sample was collected.  Additional bulk samples 

should be collected for screening and dry weight determination without the 
preservative.  Note:  If the low-level sample cannot be preserved with sodium 

bisulfate, the remaining low-level sample aliquot(s) is(are) transferred to a pre-

weighed vial containing 5 mL of reagent water.  The sample in the unpreserved vial 

must either be analyzed immediately (within 48 hours of collection) or frozen within 

the 48 hour time frame and then analyzed within the 14 day holding time. 

 

 

8.0 PROCEDURE 
 

8.1 Log-in personnel will log the samples in, place them in the Soil walk-in cooler 

assigned for volatile sample storage and notify the Organic Lab Manager that 

samples are in-house for 5035 preparation. 

8.2 The Organic Lab Manager or designee will determine the amount of time remaining 

on the 48 hour EnCore holding time and assign the task of preserving the 

samples. 

8.3 Samples received from the field should be designated for low-level, high-level or % 

solids/screening (this fraction should be in a regular soil jar, if it is not, it will 

require transfer to a VOA vial).  Each low-level and high-level sample must be 

preserved appropriately as follows: 

8.3.1 Organize the VOA vials required and label them with the sample number, 

date and LOW or HIGH for either low-level or high-level preservation.  The 

LOW level VOA vials should have gray caps and septa if using the ESS 

brand. 

8.3.2 Get the samples from the Hobart assigned for volatile sample storage and 

log them out. 

8.3.3 Enter the sample numbers in the soil sample preparation logbook and add a 

sample preparation/storage blank to the book for each level being prepared 

(HIGH/LOW).  There must be a line in the logbook for each sample vial 

being prepared (i.e. if there are 2 low-level samples and 1 high-level sample, 

the sample number should be listed in the logbook 3 times- use a,b,c to 

designate each vial associated with the same sample).  

8.3.4 Using an adjustable Oxford pipettor, add 5 mL P&T methanol to each of the 

vials marked HIGH.  Then record the vendor & lot number of methanol and 

the exact volume of methanol added to each sample in the sample 

preparation logbook. If the vial is not to be used immediately, weigh the vial 
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to the nearest 0.01g and record the weight on the vial.  The vial weight must 

be verified to be within ±0.01g of this value before using for sample 

preparation. 

8.3.5 For each of the vials marked LOW, add 5 mL of sodium bisulfate or reagent 

water if frozen and record the reagent number in the sample preparation 

logbook.  Add a magnetic stir bar to each vial.  If pre-prepped vials from 

ESS (or equivalent) are used, this step is unnecessary but the lot number and 

the pre-prepped status must be recorded in the preparation log. 

 

NOTE:  Soil samples that contain carbonate minerals (either from natural sources or 

applied as an amendment) may effervesce upon contact with the acidic preservative 

solution in the low concentration sample vial.  If the amount of gas generated is 

very small (i.e., several mL), any loss of volatiles as a result of such effervescence 

may be minimal if the vial is sealed quickly.  However, if larger amounts of gas are 

generated, not only may the sample lose a significant amount of analyte, but the gas 

pressure may shatter the vial if the sample vial is sealed.  Therefore, when samples 

are known or suspected to contain high levels of carbonates, a test sample should be 

collected, added to a vial, and checked for effervescence.  If a rapid or vigorous 

reaction occurs, discard the sample and place low concentration samples in vials 

that contain 5ml water and a stir bar.  This sample must be frozen in a slanted 

position until analysis or analyzed within 48 hours of sampling.  Notify the Organic 

Lab Manager if this occurs, note this in the sample preparation logbook and 

generate an NCR to document the problem. 

 

8.3.6 Place the vial (LOW/HIGH) on the top-loading balance, tare the vial then 

extrude the sample into the vial and record the weight of the sample in the 

sample preparation logbook.  Make sure the lip of the vial does not have any 

soil on it, which might cause a leak, cap the vial tightly and mark the weight 

on the sample label. 

8.3.7 Place the preserved samples in a box, return them to the Hobart assigned for 

volatile sample storage and log them back in. 

 

9.0 ANALYSIS 

    
   9.1 Samples are analyzed by USEPA SW-846 methods 5035/8260B (low-level) using 

the Archon 51 position autosampler in conjunction with the GC/MS or 

5030B/8260B (high-level) using any purge and trap instrument in conjunction 

with the GC/MS.  For method 5035, the prepared low-level vials are placed in the 

Archon autosampler.  The autosampler is programmed to add the appropriate 

internals and surrogates to each sample.  Use of the autosampler is covered in the 

owners manual.  Calibration of the analytical instrument with subsequent analysis 

of the samples is covered under SOP-202. 

    9.2    Determination of % Dry Weight – Weigh 5-10 grams of the sample from the bulk 

jar used for dry weight analysis in a tared crucible or aluminum pan. Dry 

overnight  at 105°C. Allow to cool in a dessicator before weighing. Calculate % 

dry weight as follows: 
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      % dry weight = g of dry sample  x 100 

                                                                       g of sample 

    9.2   If an extra bulk jar was not received for percent moisture determination, an alternate 

procedure using the methanol vial can be used with advance notice: 

• Weigh the sample in the VOA vial to the necessary degree of accuracy for % 

solids (recommend a tare weight on the vial to the same degree of accuracy). 

• Preserve the vial as normal. 

• After we know the methanol extract is not needed or has been analyzed 

successfully, allow the methanol to evaporate and dry as necessary for % solids 

determination. 

• Weigh the sample in the VOA vial to the necessary degree of accuracy for % 

solids. 

 

 

  10.  HEALTH,SAFETY,WASTE MANAGEMENTAND POLLUTION PREVENTION 

 

           10.1   Care should be used in handling all samples.  Safety glasses must be worn in the 

lab    at all   times.  The use of blue nitrile gloves and lab coats is highly 

recommended. 

           10.2   Research into expected sample content and concentration should be done in 

order to be prepared for additional safety considerations.  Generally, any 

samples that need special consideration have applicable notes on the sample 

logs. 

           10.3  MSDS sheets are available for all reagents and standards that have been 

purchased.  These are located in the Quality Assurance Officers office. 

 

           10.4    Please see Waste Disposal SOP QS14 for proper disposal of waste coming from 

this area within our laboratory. Quantity of chemicals purchased should be based 

on expected usage during its shelf-life and the disposal cost of unused material. 

Actual reagent preparation volumes should reflect anticipated usage and reagent 

stability. 

                                                                           

        REFERENCES 

 

1.Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846; Third   

Edition (Update III); Method 5035, December 1996. 

1.Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846; Other 

Methods; Method 5035A, July 2002. 
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Refer to SOP QS08 for common environmental laboratory definitions. 



EMPIRICAL LABORATORIES, LLC 
ST ANDARD OPERA TING PROCEDURE 

ORGANICS: SOP 300 REVISION #: 18 EFFECTIVE DATE: 042610 

APPROVALS: 

GCIMS SEMI-VOLATILE 
BNA-AQUEOUS MA TRIX 

EXTRACTION USING 
SW-846 METHOD 3510C 
FOR 8270/625 ANALYSIS 

Lab Director: __ =...L_--""-""""'-__ ----,,--__ ::::--_ 

Data Quality Manager~./ ~~"'"--;'---"'-U---"--f-:L_~-=_T_Date: ~I 241'0 
If II 

Section supcrVisor~~ Date: !/-I Jli; 2 

V:IStandard Operating ProcedureslCUlTent SOP File DirectoryISOP300_RI8_20100426.doc Page I of II 



 

V:\Standard Operating Procedures\Current SOP File Directory\SOP300_R18_20100426.doc Page 2 of 11 

 

Changes Summary 
 

Revision Date:  042610 

 

• The SOP is formatted to include all 22-elements required per the NELAC standards 

• The laboratory’s revision of all technical SOPs now includes a Table of Contents that 

provides the map of the technical information contained within the SOP. 

• Additional requirements, based upon the DoD QSM 4.1, have been integrated into the 

routine sample flow; however, if the requirement is different from routine sample flow, then 

the requirement is outlined and documented as such to be followed only when DoD samples 

are analyzed. 
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1.0 Identification of the Test Method 
1.1 This SOP is compliant with SW-846 Method 3510C and Method 625. 

 

2.0 Applicable Matrix or Matrices 
2.1 This SOP is applicable to aqueous samples. 

 

3.0 Detection Limit 
  Not Applicable to this SOP 

 

4.0 Scope of Application, including components to be analyzed 
  Not Applicable to this SOP 

 

5.0 Summary of the Test Method 
5.1 Aqueous samples are extracted with methylene chloride.  The extracts are dried 

through sodium sulfate and concentrated to an appropriate final volume. 

 

6.0 Definitions 
6.1 Laboratory Quality System SOP QS08 “Technical/Operational Definitions, 

Minimum Essential Quality Control Elements, and Laboratory Calibration 

Procedures” provides information on the commonly used definitions. 

 

7.0 Interferences 
7.1 Solvents, reagents, glassware, and other sample processing apparatus can add 

interferences to sample analysis.  Method blanks must be extracted under the same 

conditions as samples to demonstrate freedom from interferences. 

7.2 Phthalate esters commonly found in plastics can interfere with the analysis.  Plastics 

should be avoided. 

7.3 Soap residue can degrade certain analytes such as aldrin and heptachlor.  Glassware 

should be solvent rinsed to avoid this problem. 

 

8.0 Safety 
8.1 Laboratory SOP QS13 “Safety Program & Chemical Hygiene Plan” discusses the 

safety program that is to be followed labwide. 

 

9.0 Equipment and Supplies 
9.1 Separatory Funnel – 2L with Teflon stopcock 

9.2 Beaker – 250mL or 400mL 

9.3 Drying/Chromatographic column – 20mm I.D. x 300mm  

9.4 Filter funnel 

9.5 Turbo-Vap evaporation tube – 200mL tube made by Zymark or equivalent 

9.6 Metal rack – capable of holding six glass evaporation tubes 
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9.7 Turbo-Vap Evaporator – heated and capable of temperature control (+5˚C); the bath 

should be vented into a hood 

9.8 Vials, 2.0 mL glass with Teflon-lined screw cap 

9.9 pH indicator paper – wide range (1.0-12.0) 

9.10 Syringe – 1mL 

9.11 Graduated cylinder – 1000mL, 500mL, and 100mL, glass, Class A 

9.12 Pasteur pipette – length 9” 

9.13 Pasteur pipette bulb 

9.14 Labels – DYMO 

9.15 Teflon Bottles – 500mL 

9.16 Volumetric Flasks – 500mL, 100mL, 50mL, and 10mL, glass, Class A 

9.17 Ring Stand – 3-prong 

9.18 Burette clamp – double 

9.19 Aluminum foil – heavy duty 

9.20 Nitrogen tank – equipped with pressure regulator 

9.21 Boiling chips – Teflon 

9.22 Glass Wool – Roving, 9989 purchased from Fisher #11-388 or equivalent 

 

10.0 Reagents and Standards 
10.1 Reagent Water - Reagent water is gathered in a carboy from source in the instrument 

lab as needed. 

10.2 Sodium Hydroxide Solution - (10N).  Weigh 800g NaOH (purchased in a fiber drum 

from Tennessee Reagents # 2-31825-25lb or equivalent) into a 2000mL volumetric 

flask and add approximately 1000mL of reagent water.  Swirl until pellets are mostly 

dissolved.  Add a stir bar and place on stir plate.  This mixture will get very hot.  

Continue to add reagent water while mixture is being stirred until a final volume of 

2000mL is attained.  Let stand until cool.  Transfer to 1000mL Teflon containers. 

10.3 Sodium Sulfate – Granular, anhydrous, trace pure 10-60 mesh (purchased in 200lb 

bulk fiber drum from Fisher #S415-200lb or equivalent).  For low level tests, place 

an aliquot in a 1500mL heavy duty Pyrex beaker and bake in muffle furnace at 

400°C for a minimum of 4 hours.  Remove and cool in open air and place in 

designated “Baked Sodium Sulfate” container at room temperature 

10.4 Glass Wool – Roving , 9989 Glass (purchased from Fisher #11-388 or equivalent). 

10.5 Sulfuric Acid Solution - (1:1), slowly add 500mL of H2SO4 (Fisher, suitable for 

trace metal analysis #A300C-212 or equivalent) to 500mL of reagent water in a 

1000mL Teflon container.  This mixture will get very warm.  Allow to cool before 

use. 

10.6 Extraction Solvent - Methylene Chloride (purchased from Fisher #D151-4 or 

equivalent) Please read SOP-336 before handling this solvent in our laboratory. 

10.7 The extraction analyst makes up surrogates and spikes.  Verify the amount of 

surrogate/spike to add to the sample prior to addition.  It can change if a different 

detection limit is required or the volume of sample being analyzed changes.  

10.7.1 BNA Surrogate – The base neutral and acid surrogate are mixed together in 

one solution (purchased from NSI #WL-371-C at concentrations of 100-

200ug/mL).  The expiration for this standard is 6 months from the date 

opened. Use 0.5mL of this solution per 1000mL of aqueous sample.  
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10.7.2 BNA Spiking Solution – The base neutral and acid spiking solutions are 

mixed together in one solution called BNA LCS#1 (This spiking solution 

contains all the compounds that are normally calibrated by GC/MS).  This 

solution, with a final concentration of 100ug/mL, is prepared in Methanol by 

making a dilution of stock purchased from reputable vendors (BNA LCS #1 

spike kit #K-943 and 1-methylnapthalene #1288-01-08 are purchased from 

NSI, 2,6 Dichlorophenol #95591 is purchased from Absolute Standards and 

1,4 Dioxane #30287 is purchased from Restek).  Use 0.5mL of this solution 

per 1000mL of aqueous sample.  Another spiking solution is also used, called 

BNA LCS#2.  This solution contains short or matrix spike list base 

extractable compounds.  This solution, with a final concentration of 

100ug/mL,is prepared in Methanol by making a dilution of stock purchased 

from NSI #Q-6104-0.  Use 0.5mL of this solution in combination with BNA 

LCS#1 for all full list BNA requirements.  BNA LCS #2 may be omitted 

from samples requiring PAH analysis.  (For low level PAHs, use 1.0mL of a 

1.0ug/mL solution made from BNA LCS #1, called “LLPAH spiking 

solution.)  All standards expire 6 months from the date they are made. 

10.7.3 BNA TCLP Spike – 0.5mL of BNA LCS#1 and BNA LCS#2 is added per 

100mL volume.  This volume is provided by Wet Chemistry in a 1L glass 

amber bottle.  100mL is removed from this container and measured using a 

graduated cylinder. 

 

11.0 Sample Collection, Preservation, Shipment, and Storage 
11.1 Quality Systems SOP QS10 related to Sample Receipt, Handling, & Processing 

provides details for collection, preservation, shipment, and storage. 

11.2 Aqueous samples have a hold time of 7 days from the date of sampling. 

 

12.0 Quality Control 
12.1 Quality Systems SOP QS08 “Technical/ Operational Definitions, Minimum Essential 

Quality Control Elements, and Laboratory Calibration Procedures” outlines details 

related to laboratory wide protocols on quality control. 

 

13.0 Calibration and Standardization 
  Not Applicable to this SOP 

 

14.0 Procedure 
14.1 All waters have a seven-day holding time counted from the day they are sampled.  

Determine the samples necessary to extract from the following sources (Note: never 

extract samples of unknown origin without discussion with supervisor): 

14.1.1 Each day the extractions group leader will generate a sample backlog using 

LIMS.   

14.1.2 This backlog is used to determine extraction priorities based on hold times 

and due dates.  

14.1.3 Samples requiring RUSH turn around time may be logged in throughout the 

day, which will require immediate attention.  Sample receiving personnel will 

generally communicate this need.   
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14.1.4 Samples are placed in LIMS “batches” based on parameter and extracted 

accordingly. 

14.2 Wearing lab coat, gloves and safety glasses, get samples from refrigerator.  Samples 

must be signed out of the walk-in refrigerator.  Enter the sample numbers, your 

initials and the date and time removed on the log provided.  Inspect as to whether 

they are in glass amber jar and have a Teflon lid. Find out if any special dilutions 

need to be made for this client.  Routine procedures for difficult matrices are listed 

below:  

14.2.1 SLUDGE - use only 100mL and dilute to 1000mL with reagent water.   

14.2.2 TCLP EXTRACT - use only 100mL and dilute to 1000mL with reagent 

water.  A separate matrix spike of 100mLs should be set up at the same time.  

Dilute to 1000mL with reagent water.   

14.2.3 1BAD MATRIX – for example a liquid that is partially sediment, see your 

supervisor to find out what dilution, if any should be made.  SPLP extract- 

use 1 liter. 

14.2.4 NPDES client - a special list of compounds is required including benzidine.   

Method 625 requires that there be a spike every ten samples.   The sample 

must be extracted and concentrated in the same day.  A GC/MS screen is 

recommended; therefore this extraction should be coordinated with the 

GC/MS operator.  1mL is added to the LCS and the matrix spike. 

14.2.5 ACID EXTRACT WITH BAD MATRIX - a cleanup step is added.  

Samples are taken to a high pH, extracted with 60mL methylene chloride one 

time as explained below in the BASE NEUTRAL EXTRACTION section.  

This extract is discarded.  The samples are then taken to a low pH and 

extracted as an acid extraction.  Acid extractions may be concentrated in the 

TurboVap.   

14.3 LOW LEVEL POLYAROMATIC HYDROCARBONS (PAHs) – Samples 

require a BNA extraction.  Use the surrogate and spiking solution specified.   

14.4 Mark the amber glass container of each sample at the water meniscus with "white 

out" for later determination of sample volume.  Check the pH by inverting the 

sample and touching the wide range pH paper to the portion that remains on the lid.  

Record this pH on the LIMS bench sheet and, later, in LIMS. 

14.5 Get out enough separatory funnels to extract the number of samples you have plus 

any additional spikes and a method blank.  A method blank and an LCS must be 

processed with each set of samples.  If the sample is a TCLP, blank fluid may be 

provided along with the extracted TCLP sample(s).  Use only 100mL and dilute to 

1000mL with reagent water.  Process a matrix spike and matrix spike duplicate on 

aqueous samples if requested by client.  If not, a LCSD must be processed.  Rinse 

separatory funnels with methanol.  Place label from sample bottle onto separatory 

funnel as samples are poured into funnels to ensure proper identification.  Use Avery 

labels to properly identify method blank, LCS, and LCSD.   

14.6 Using the 1000mL glass graduated cylinder marked NANO PURE WATER ONLY, 

measure 1000mL of reagent water from the carboy and transfer it to a separatory 

funnel for the method blank and LCS.  Transfer sample to separatory funnel that 

corresponds to the lab # on the sample bottle.  
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14.7 Verify the amount of surrogate/spike to add to the sample prior to addition.  It can 

change if a different detection limit is required or the volume of sample being 

analyzed changes. Set out the surrogate/spike at least ten minutes before use to allow 

it to warm to room temperature.  

14.8 Generally 0.5mL of BNA surrogate is added to each sample, spike, and blank with a 

syringe designated for BNA surrogate.  Someone must verify that the surrogate has 

been added by initialing LIMS bench sheet.  

14.8.1 NOTE:  Be sure to invert syringe and eliminate air bubble when obtaining 

surrogate solution and spiking solution. 

14.9 For the sample in each analytical batch selected for spiking, use the 0.5mL glass 

syringe designated for BNA spike, to add 0.5mL of BNA spiking solution. For low 

level PAHs use 1.0mL of the 1.0ppm LLPAHs  spiking solution.  Someone must 

verify that the spike has been added by initialing the LIMS bench sheet.  For DOD 

QSM projects, all target compounds will be spiked into the LCS and MS/MSD. 

14.10 Enter the ID# of the surrogate/spike used on the LIMS bench sheet and, later, in 

LIMS. 

14.11 ACID EXTRACTION:  Adjust the pH to between 1.0 and 2.0, using 2mL of 1:1 

H2SO4.  Add to each sample, spike and method blank.  Stopper and shake to insure 

that pH throughout the sample is changed.  Check the drop of liquid hanging from 

the lid with short-range pH paper.  Compare the color to the chart on the pH paper.  

If the color is not within range add more H2SO4 solution in small increments, as 

required to attain the proper pH. 

14.12 Add 40mL of Methylene Chloride to each empty sample bottle and to the LCS, 

method blank and MS/MSD funnels. Swirl the 40mL of methylene chloride that you 

added to the empty sample bottle and transfer to the corresponding separatory funnel. 

14.13 Seal and shake the separatory funnel vigorously for 2 minutes with periodic venting 

to release excess pressure.  Alternatively, Teflon funnels may be used and placed in 

the shaker apparatus with the stopcocks slightly open. When this apparatus is used, 

the shake should be for 3 minutes. 

14.13.1 NOTE: Methylene chloride creates excessive pressure very rapidly; 

therefore, initial venting should be done immediately after the separatory 

funnel has been sealed and shaken once. 

14.14 Allow the sample to sit for 10 minutes, if necessary, after it has been shaken.  It will 

separate into two layers with the solvent layer on the bottom.  If it forms an emulsion 

(thick, cloudy, viscous, mixture that you cannot see through), drain what you believe 

to be 40mL into a 250mL centrifuge bottle.  If the layers are clearly separated, drain 

the solvent layer into a 250mL glass beaker. 

14.15 Following Steps 14.12 through 14.14, extract two more times with 40mL of 

methylene chloride.  Combine the three solvent extracts into the same 250mL 

beaker. 

14.16 BASE NEUTRAL EXTRACTION:  Adjust the pH to 11 or slightly greater, using 

10N NaOH.  Start by adding 5.0mL to each sample, spike, and method blank.  

Stopper and shake to insure that pH throughout the sample is changed.  Check the 

drop of liquid hanging from the lid with short-range pH paper.  Compare the color to 

the chart on the pH paper.  If the color is not within range add more 10N NaOH in 
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small increments, as required to attain the proper pH.  BNA extraction is necessary 

when doing low level PAHs. 

14.16.1 NOTE:  This step is critical to the extraction procedure.  Too much NaOH 

solution could cause you to lose certain Base Neutral compounds.  Be careful 

on this step. 

14.17 FOR 8270 extraction: Extract one more time with 40mL of methylene chloride 

following Step 14.16. Do not combine BN and Acid extracts in a same 250mL 

beaker.  However, you may filter BN and Acid extracts through the same sodium 

sulfate filter and combine into the same turbo in order to concentrate BN and acid 

extracts for one final extract. 

14.17.1 NOTE: It has been demonstrated that two acid and one BN extraction can be 

used for normal 8270 samples. This procedure cannot be used for DOD or 

625 samples. 

14.18 For 625 extractions: extract 3 more times with 40 mL methylene chloride following 

steps 14.12 through 14.14. Combine BN extracts in the empty 250mL sample beaker 

as the acid portion concentrates in the turbo vap. Following step 14.24, concentrate 

the acid extract to ~5mL and then filter the BN extract into the same turbo.  

14.19 Prepare to dry the sample by either of the following methods: 

14.19.1 Get a ring stand with a double burette clamp attached to it.  Cover the burette 

clamp ends with aluminum foil to prevent the possibility of solvent touching 

the plastic coated ends and dripping into the extract.  Place a drying column 

into the burette clamp and transfer a small amount of glass wool to the top of 

it.  Tamp it to the bottom with a glass rod so that it adequately covers the hole 

at the bottom.  Add approximately 10 cm of Sodium Sulfate to the column.  

Rinse with 20 to 30 mL of methylene chloride and discard this rinse into the 

Chlorinated Waste container in the hood. OR 

14.19.2 Set up a ring stand with funnels.  Place a small amount of glass wool in the 

bottom of it, add ~2” sodium sulfate to the column and rinse with 20-30 mL 

methylene chloride.  Discard this rinse into the Chlorinated Waste container 

in the hood. 

14.20 If the extract was drained into a centrifuge bottle, at this point you will need to take it 

to the centrifuge.  Push the "ON" button to turn the centrifuge on.  Be sure that the 

large holders are available for the 250-mL centrifuge bottles.  The sample must 

always be balanced.  If necessary use a dummy bottle making it similar weight using 

reagent water.  Set the rpm at 2500 and the temperature at 0°C.  Close the lid and be 

sure to press it down until you hear it click.  Move the lever at the front of the lid to 

the "LOCK" position.  Turn the time to approximately 15 minutes and bring it back 

to 10 minutes.  As the rotor begins to move, you will be able to see the rpm's in the 

digital readout.  Stay with the centrifuge until it has come up to the rpm's set to 

insure that it does not become unbalanced.  This looks like 8888 on the digital 

readout.  Should this occur, refer to the manual.  When the cycle is complete, the 

digital readout will read 0000.  Push the "OPEN" button and the lid will pop up.  

Move the lever at the front of the lid to the "UNLOCK" position.  Open lid and 

remove sample.  The sample will usually be in two layers with the extract on the 

bottom. 
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14.21 Remove any water layer from the extract in the beaker or centrifuge bottle, by one of 

two methods.  Remove with a Pasteur pipette by carefully pulling up the water layer, 

on top, and not the solvent.  Discard this layer in the sink.  Use the smallest amount 

possible of Na2SO4 by sprinkling the top layer with Na2SO4 until it hardens, 

separates, and drops to the bottom.  

14.22 Determine the original sample volume by refilling the sample bottle to the mark 

made with "white out."  Transfer the liquid to a plastic 1000-mL graduated cylinder 

and record the sample volume on the LIMS bench sheet to the nearest 10-mL and 

record, later, in LIMS. 

14.23 Prepare sample vial tray using labels printed off from LIMS that identify sample 

numbers, initial/final volumes, client, parameter, and date extracted. 

14.24 TURBO-VAP CONCENTRATION  

14.24.1 Rinse a Turbo-Vap tube with methylene chloride and arrange it underneath a 

rinsed, packed drying column or funnel.  Pour the extract through the column 

so that it will collect in the tube. Rinse the 400-mL beaker, which contained 

the solvent extract twice with 10 to 15 mL of methylene chloride and add 

each rinse to the column to complete the quantitative transfer.  After all the 

extract has passed through the column, rinse the column with 10 to 15 mL of 

methylene chloride.  Total volume in the glass evaporator tube should not 

exceed 200 mLs to avoid splattering on the lid of the Turbo-Vap.  

14.24.2 Record the numbers of the Turbo-Vap tube on the LIMS bench sheet and 

place the tube in a metal holder.     

14.24.3 Turbo-Vap Operation:  Adjust the pressure of nitrogen gas tank to >30 psi.  

Make sure the tank has 200 psi or more on the main valve.  The temperature 

of the bath should be approximately 40°C -50°C. 

14.24.4 Place the glass evaporator tube in the Turbo-Vap.  Be sure to push tube 

down so the tip slides into the sensor well.  Close the lid to start 

concentration.  Check that each position with a tube has an orange light 

showing.  If the orange light is not steady, bubbles may be in the sensor and 

need removal.  (See Turbo-Vap manual). 

14.24.5 When the beep sounds indicating the end of concentration, the extract will be 

at approximately one half mL (half way up tip of tube).  Remove the tube 

from the bath. Use a 9" Pasteur pipette to draw up the sample and transfer it 

to the 2-mL vial.  THIS IS THE MOST CRITICAL PART OF THE ENTIRE 

OPERATION!!!  A single drop represents about 10 percent of the total 

sample.  Before you move the tip of the pipette from the tube to the vial, be 

sure that a drop will not form on the end and fall off. 

14.24.6 Draw ~0.25 mL of methylene chloride into a 9’’ Pasteur pipette and add this 

aliquot to the turbo-vap.  Draw the methylene chloride into a pipette and rinse 

the sides of the tube several times.  Transfer this rinse to the appropriately 

labeled 2-mL vial.  Add methylene chloride from the designated clean pipette 

and repeat the rinsing process until you have ~ 1 mL in the sample extract 

vial.   Compare this volume to a 2-mL dummy vial containing 1 mL of 

solvent to insure that you have not exceeded 1 mL.  The methylene chloride 

rinse volume must be adjusted to achieve this final volume.  Cover the extract 

with a Teflon-sealed screw cap. 
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14.25 The extract is now ready to be analyzed.  Refrigerate at 4°C or carry directly to the 

instrument operator.  Samples must be signed into the Sample Extract refrigerator.  

On log provided, enter the sample numbers, the analyst initials, and the date and time 

the samples were placed into the refrigerator. 

14.26 Transfer handwritten extraction details from bench sheet to LIMS and archive bench 

sheet for future reference. 

 

15.0 Data Analysis and Calculations 
  Not Applicable to this SOP 

 

16.0 Method Performance 
16.1 Demonstration of Capability (DOC):  Each analyst must perform a DOC prior to 

independently extracting samples and yearly thereafter.  The analyst must prepare 4 

LCS samples.  The data is calculated for accuracy and precision requirements. 

 

17.0 Pollution Prevention 
17.1 Quantity of chemicals purchased should be based on expected usage during its shelf 

life and the disposal cost of unused material.  Actual reagent preparation volumes 

should reflect anticipated usage and reagent stability. 

 

18.0 Data Assessment and Acceptance Criteria for Quality Control Measures 
  Not Applicable to this SOP 

 

19.0 Contingencies for Handling out of control or unacceptable data 
  Not Applicable to this SOP 

 

20.0 Waste Management 
20.1 Laboratory SOP QS14 on Waste Handling discusses general guidelines for the 

appropriate handling of wastes and the laboratory program on waste management. 

 

21.0 References 
21.1 Test Methods for Evaluating Solid Waste, SW-846, Third Edition 

21.2 40 CFR, Method 625. 

 

22.0 Tables, Diagrams, Flowcharts, and Validation Data 
  Not Applicable to this SOP 
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Changes Summary 
 

Revision Date:  042610 

 

• The SOP is formatted to include all 22-elements required per the NELAC standards 

• The laboratory’s revision of all technical SOPs now includes a Table of Contents that 

provides the map of the technical information contained within the SOP. 

• Additional requirements, based upon the DoD QSM 4.1, have been integrated into the 

routine sample flow; however, if the requirement is different from routine sample flow, then 

the requirement is outlined and documented as such to be followed only when DoD samples 

are analyzed. 
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1.0 Identification of the Test Method 
1.1 This SOP is compliant with SW-846 Method 3510C and Method 608/608.2 

 

2.0 Applicable Matrix or Matrices 
2.1 This SOP is applicable to aqueous samples 

 

3.0 Detection Limit 
 Not Applicable to this SOP 

 

4.0 Scope of Application, including components to be analyzed 
 Not Applicable to this SOP 

 

5.0 Summary of the Test Method 
5.1 Aqueous samples are extracted with methylene chloride.  The extracts are dried 

through sodium sulfate and concentrated and exchanged to hexane. 

 

6.0 Definitions 
6.1 Laboratory Quality System SOP QS08 “Technical/Operational Definitions, 

Minimum Essential Quality Control Elements, and Laboratory Calibration 

Procedures” provides information on the commonly used definitions. 

6.2 Additional definitions specific to this SOP are listed below: 

6.2.1 PCBs- polychlorinated biphenyls 

6.2.2 Pest- pesticides 

6.2.3 TCMX- tetrachloro-m-xylene 

 

7.0 Interferences 
7.1 Solvents, reagents, glassware, and other sample processing apparatus can add 

interferences to sample analysis.  Method blanks must be extracted under the same 

conditions as samples to demonstrate freedom from interferences. 

7.2 Phthalate esters commonly found in plastics can interfere with the analysis.  Plastics 

should be avoided. 

7.3 Soap residue can degrade certain analytes such as aldrin and heptachlor.  Glassware 

should be solvent rinsed to avoid this problem. 

 

 

8.0 Safety 
8.1 Laboratory SOP QS13 “Safety Program & Chemical Hygiene Plan” discusses the 

safety program that is to be followed labwide. 
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9.0 Equipment and Supplies 
9.1 Separatory Funnel – 2L with Teflon stopcock 

9.2 Beaker – 250mL or 400mL 

9.3 Drying/Chromatographic column – 20mm I.D. x 300mm  

9.4 Filter funnel 

9.5 Turbo-Vap evaporation tube – 200mL tube made by Zymark or equivalent 

9.6 Metal rack – capable of holding six glass evaporation tubes 

9.7 Turbo-Vap Evaporator – heated and capable of temperature control (+5˚C); the bath 

should be vented into a hood 

9.8 Vials, 10mL glass with Teflon-lined screw cap 

9.9 pH indicator paper – wide range (1.0-12.0) 

9.10 Syringe – 1mL 

9.11 Graduated cylinder – 1000mL, 500mL, and 100mL, glass, Class A 

9.12 Pasteur pipette – length 9” 

9.13 Pasteur pipette bulb 

9.14 Labels – Avery 

9.15 Teflon Bottles – 500mL 

9.16 Volumetric Flasks – 500mL, 100mL, 50mL, and 10mL, glass, Class A 

9.17 Ring Stand – 3-prong 

9.18 Burette clamp – double 

9.19 Aluminum foil – heavy duty 

9.20 Nitrogen tank – equipped with pressure regulator 

9.21 Boiling chips – Teflon 

9.22 Glass Wool – Roving, 9989 purchased from Fisher #11-388 or equivalent 

 

10.0 Reagents and Standards 
10.1 Reagents 

10.1.1 Reagent water – Reagent water is gathered in a carboy from source in the 

instrument lab daily. 

10.1.2 Sodium Sulfate – Granular, anhydrous, trace pure 10-60 mesh purchased in 

200lb bulk fiber drum from Fisher #S415-200lb or equivalent.  Place an 

aliquot in a 1500mL heavy-duty Pyrex beaker and bake in muffle furnace at 

400˚C for a minimum of 4 hours.  Remove and cool in open air and place in 

designated “Baked Sodium Sulfate” container at room temperature. 

10.1.3 Sulfuric Acid Solution (1:1) – Slowly add 500mL concentrated Sulfuric Acid, 

purchased from Fisher #A300C-212 or equivalent, to 500mL of reagent water 

in a 1000mL Teflon container.  This mixture will get very warm.  Let stand 

until cool. 

10.1.4 Sodium Hydroxide Solution (10N) – Weigh 800g NaOH, purchased in a fiber 

drum from Tennessee Reagents #2-31825-25lb or equivalent, into a 2000mL 

volumetric flask and add approximately 1000mL of reagent water.  Swirl 

until pellets are mostly dissolved.  Add a stir bar and place on stir plate.  This 

mixture will get very hot.  Continue to add reagent water while mixture is 

being stirred until a final volume of 2000mL is attained.  Let stand until cool.  

Transfer to 1000mL Teflon containers. 
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10.1.5 Methylene Chloride - purchased from Fisher #D151-4 or equivalent.  Please 

see SOP 336 before handling this solvent in our laboratory. 
10.1.6 Hexane – suitable for gas chromatography, purchased from Fisher #H303-4 

10.2 Standards – The extraction analyst makes up surrogates and spikes.  Verify the 

amount of surrogate/spike to add to the sample prior to addition.  It can change if a 

different detection limit is required or the volume of sample being analyzed changes. 

10.2.1 TCMX/DCB (2,4,5,6-Tetrachloro-meta-xylene/Decachlorobiphenyl) – 

Surrogate solution is prepared, with a final concentration of 0.5ug/mL, by 

diluting a stock solution (purchased from Restek #32000) in acetone.  This 

solution is named “Pesticide Surrogate for Extractions 500ppb” and expires 6 

months after the date it is made.  Use 1.0mL of this solution per 1000mL of 

aqueous sample. 

10.2.2 PCB Spiking Solution – For all standard extractions, a mixture of 1016/1260 

is prepared and used.  The stock standards (purchased by Accustandard 1016 

#APP-9-158-10X and 1260 #C260S-H-10X) are diluted in acetone to a final 

concentration of 5ug?mL.  This solution is named “PCB 1660 LCS for 

Extractions 5ppm” and expires 6 months after the date it is made.  Use 1.0mL 

of this solution per 1000mL of aqueous sample.  The Laboratory Director 

and/or Organic Manager will determine if another PCB mixture is necessary, 

such as 1242, 1258, or 1254. 

10.2.3 Pesticide Spiking Solution – A spiking solution, with a final concentration of 

1ug/mL, is prepared by making a dilution of the Pesticide AB ICV 

Intermediate (this is made in-house by GC operators) in acetone.  This 

solution is named “Pesticide AB LCS for Extractions 1.0ppm” and expires 2 

weeks after the date it is made.  Use 1.0mL of this solution per 1000mL of 

aqueous sample.  For 608 samples, 1 out of every 10 samples must be spiked 

10.2.4 TCLP- When necessary to set up a TCLP, in addition to setting up the 

sample, two matrix spikes must be set up and should include the following: 

A. TCLP Spike 1 – This matrix spike must include a solution containing 

Chlordane at a concentration of 100ug/mL and Toxaphene at a 

concentration 10ug/mL.  Both compounds are diluted in acetone from 

stock standards purchased from reputable vendors (Chlordane from 

Ultra Scientific #EPA-1086, Toxaphene from AccuStandard #P-0935-

H).  This solution is named “Tox/Chlor LCS for Extractions 10-

100ppm” and expires 6 months from the date it is made.  Add 1.0mL 

of leachate. 

B. TCLP Spike 2 – This matrix spike must include the Pesticide Spiking 

Solution known as “Pesticide AB LCS for Extractions 10ppm.”  Add 

1.0mL of this solution per 100mL of leachate. 

 

11.0 Sample Collection, Preservation, Shipment, and Storage 
11.1 Quality Systems SOP QS10 related to Sample Receipt, Handling, & Processing 

provides details for collection, preservation, shipment, and storage. 

11.2 Aqueous samples have a hold time of 7 days from the date of sampling. 
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12.0 Quality Control 
12.1 Quality Systems SOP QS08 “Technical/ Operational Definitions, Minimum Essential 

Quality Control Elements, and Laboratory Calibration Procedures” outlines details 

related to laboratory wide protocols on quality control.  

 

13.0 Calibration and Standardization 
 Not applicable to this SOP 

 

14.0 Procedure 
14.1 All waters have a seven-day holding time counted from the day they are sampled.  

Determine the samples necessary to extract from the following (Note:  never extract 

samples of unknown origin without discussion with supervisor): 

14.1.1 Each day the extractions group leader will generate a sample backlog using 

LIMS 

14.1.2 This backlog is used to determine extraction priorities based n hold times and 

due dates. 

14.1.3 Samples requiring RUSH turn around time may be logged in throughout the 

day, which will require immediate attention.  Sample receiving personnel will 

generally communicate this need. 

14.1.4 Samples are placed in LIMS “batches” based on parameter and extracted 

accordingly. 

14.2 Wearing lab coat, gloves, and safety glasses, get samples from cooler.  Samples must 

be signed out of the walk-in refrigerator.  Enter the sample numbers, your initials, 

and the date and time removed on the log provided.  Inspect as to whether they are in 

glass amber jars and have a Teflon lid.   

14.3 Find out if any special dilutions need to be made for client.  Routine procedures for 

difficult matrices are listed below: 

14.3.1 Sludge – use only 100mL and dilute to 1000mL with reagent water 

14.3.2 TCLP Extract – use only 100mL for the sample and dilute to 1000mL with 

reagent water.  There must be two matrix spikes of 100mL as well that are 

also diluted to 1000mL with reagent water. 

14.3.3 Bad Matrix – e.g. a liquid that is partially sediment.  See Organics Supervisor 

to find out what dilution, if any, should be made. 

14.3.4 NPDES client – Samples for method 608/608.2 are checked by login to make 

sure the pH of the sample is in the range of 5.0-9.0.  If the sample is not in 

this range, extraction personnel will be notified.  At that time, it is the 

responsibility of the extraction lab to adjust the pH of the sample to the 

appropriate range (pH of 5-9 using NaOH solution or Sulfuric Acid, as 

necessary) or to extract the sample within 72 hours of sampling.  If a pH 

adjustment is made, the details of the adjustment must be recorded on the 

sample COC and in LIMS.  Set up one full list matrix spike for every ten 

samples. 

14.4 Mark the amber glass container of each sample at the water meniscus with “white 

out” for later determination of sample volume.   
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14.5 Check the pH by inverting the sample and touching the wide range pH paper to the 

portion that remains on the lid.  Record this pH on the bench sheet and later, in 

LIMS. 

14.6 Get out enough separatory funnels to extract the number of samples you have plus 

any additional spikes and a method blank.  A method blank and a LCS must be 

processed with each set of samples.  If the sample is a TCLP, blank fluid may be 

provided along with the extracted TCLP sample(s).  Follow instructions for TCLP in 

section 14.3.2 of this SOP.  Process a matrix spike and matrix spike duplicate on 

aqueous samples if requested by client.  If not, a LCSD must be processed. 

14.7 Rinse separatory funnels with methanol and discard of waste according to SOP 

QS14. 

14.8 Pour samples into separatory funnel, placing the label from the sample bottle on the 

designated separatory to ensure proper identification.  Use Avery labels to properly 

identify method blank, LCS, LCSD, any TCLPs, and TCLP spikes.  If a sample 

requires both Pesticide and PCB analysis, a Pesticide LCS/MS/MSD (if client 

specified) or LCS/LCSD and a PCS LCS/MS/MSD (if client specified) or 

LCS/LCSD must be processed to satisfy QC requirements for the batch. 

14.8.1 Due to limited volume received, it is usually necessary to use 500mL of 

sample to do a matrix spike so that a matrix spike duplicate can also be 

extracted.  If only one sample container is provided for spiking purposes, use 

a 500mL glass cylinder to measure out half of the sample for extraction.  Add 

half of the normal amount of spiking solution and half of the normal amount 

of surrogate. 

14.9 Add 50mL of methylene chloride to the empty sample container, swirl, and pour into 

the designated separatory funnel. 

14.10 Using the 1L glass graduated cylinder marked “DIH20 WATER ONLY” measure 1L 

of reagent water from the carboy and transfer it to the designated separatory funnels 

for method blank, LCS, and LCSD. 

14.11 Add 50mL of methylene chloride to the method blank, LCS, and LCSD. 

14.12 Verify the amount of surrogate/spike to add to the sample prior to addition.  It can 

change if a different detection limit is required or the volume of sample being 

analyzed changes.  Set the surrogate/spike out at least ten minutes before use to 

allow it to warm to room temperature. 

14.13 Using the 1.0mL glass syringe marked “TCMX/DCB” surrogate, add 1.0mL of 

TCMX/DCB surrogate to each sample, method blank, and spike.  A second analyst 

must verify that the surrogate has been added.  Enter the ID# of the standard, 

amount, and the initials of the analysts on the LIMS generated bench sheet and later 

in LIMS. 

14.14 Determine if the sample will require a Pesticide spike, PCB spike, or both and 

proceed as follows: 

14.14.1 Pesticide and PCB – Refer to 14.8 for instructions on how to determine QC 

requirements.  To all Pesticide QC, add 1.0mL of Pesticide AB LCS with a 

glass syringe dedicated for that particular spike.  To all PCB QC, add 1.0mL 

of PCB 1660 LCS using a glass syringe dedicated for that particular spike. 

14.14.2 Pesticide only – To all Pesticide QC, add 1.0mL of Pesticide AB LCS with a 

glass syringe dedicated for that particular spike. 
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14.14.3 PCB only – To all PCB QC, add 1.0mL of PCB 1660 LCS with a glass 

syringe dedicated for that particular spike.  1660 is the standard PCB that we 

analyze for, if client specifies another PCB the extraction analyst will need to 

prepare another spike mix accordingly. 

14.14.4 Enter the LIMS generated spike mix ID#, amount added, and the initials of 

the extraction and verifying analysts on the bench sheet and, later, in LIMS. 

14.15 If the pH is not within 5.0-9.0 range, it must be adjusted using either the NaOH 

solution or Sulfuric Acid solution.  If a pH adjustment is made, the details of the 

adjustment must be recorded in LIMS. 

14.16 Seal and shake the separatory funnel vigorously for 3 minutes in the shaker apparatus 

with the stopcock open. 

14.16.1 Methylene chloride creates excessive pressure very rapidly; therefore, initial 

venting should be done immediately after the separatory funnel has been 

sealed and shaken once. 

14.17 Allow the sample to set for a few minutes, if needed, after it has been shaken.  It will 

separate into two layers with the solvent layer on the bottom.   

14.17.1 If it forms an emulsion (thick, cloudy, viscous mixture that you cannot see 

through), drain what you believe to be 50mL into a 250mL centrifuge bottle.   

14.17.2 Save and drain into this centrifuge bottle until the extraction is complete. 

14.17.3 The emulsion must be centrifuged at 2500rpm for a good separation of the 

water from solvent. 

14.18 Drain solvent layer into an appropriately labeled 250mL beaker. 

14.19 Following steps 14.16 through 14.18, extract two more times with 40mL of 

methylene chloride combining all solvent extracts into the same appropriately 

labeled 250mL beaker. 

14.20 Prepare a sample vial tray with 12mL vials and vial labels printed from LIMS.  

These labels contain the sample number, client name, initial/final volume, parameter, 

and date extracted. 

14.21 Remove any water layer from the extract in the beaker or centrifuge bottle, by either 

or both of the following two methods. 

14.21.1 Remove with a Pasteur pipette by carefully pulling up the water layer, on 

top, and not solvent.  Discard this layer. 

14.21.2 Use the smallest amount possible of Sodium Sulfate by sprinkling the top 

layer until it hardens, separates, and drops to the bottom.  

14.22 Turbo-Vap Concentration 

14.22.1 Rinse a Turbo-Vap tube and arrange it underneath a methylene chloride 

rinsed sodium sulfate filled filter funnel. 

14.22.2 Using a sharpie, label the Turbo-Vap with the sample IDs 

14.22.3 Pour the extract through the filter funnel into the appropriately labeled 

Turbo-Vap tube. 

14.22.4 Rinse the beaker three times with methylene chloride and pour through 

funnel. 

14.22.5 Rinse the filter funnel with methylene chloride once more and allow the 

funnels to sit until there is no more solvent dripping. 

14.22.6 For solvent exchange purposes, add 50mL of hexane to each tube.  Total 

volume in the Turbo-Vap tube should not exceed 200mL to avoid splattering 
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on the lid of the Turbo-Vap.  If there is a large volume of methylene chloride 

extract, allow the sample to condense in Turbo-Vap until 75mL-100mL are 

left in the turbo tube. 

14.22.7 Adjust pressure of nitrogen gas tank to >30psi, making sure that the tank has 

200psi or more on the main valve. 

14.22.8 Record the water bath temperature in the logbook located beside the 

TurboVap, making sure that it is 40˚C-50˚C. 

14.22.9 Place turbo-vap tube in the Turbo-Vap.  Be sure to push the tube down so the 

tip slides into the sensor well. 

14.22.10 Close the lid and push corresponding well light to start concentration. 

14.23 For PCBs Only – Some wastewater samples will form a gel like substance when the 

hexane is concentrated.  Proceed with these samples as follows: 

14.23.1 Add just enough methylene chloride to make the gel go back into solution 

14.23.2 Acid clean the extract and reconcentrate. 

14.23.3 Exchange with hexane again 

14.23.4 If gel forms again, add enough methylene chloride to get gel back into 

solution 

14.23.5 Transfer to a suitable container and record the final volume on the label and 

on bench sheet.  Make sure to note the percentage of methylene chloride in 

sample. 

14.24 When the samples reach a volume of 3mL-5mL, remove the tube from the batch 

14.25 Hold the sample vial and tube in one hand at ~45˚ angle and 9” Pasteur pipette 

equipped with a latex bulb in the other. 

14.26 Draw up sample and transfer into appropriately labeled 12mL sample vial.  Be 

careful not to spill a drop during transfer. 

14.27 Add 2-3mL of hexane to the tube and rinse several times using the pipette.  Transfer 

this rinsate to sample vial and bring sample up to 10mL with hexane and cover the 

extract with a Teflon-sealed screw cap. 

14.28 Take sample batch to GC Hobart sample refrigerator and log the sample numbers, 

analyst initials, and the date and time the samples were placed into the Hobart in the 

sample logbook located beside the refrigerator. 

14.29 Transfer handwritten extraction details from bench sheet to LIMS and archive bench 

sheet for future reference. 

 

15.0 Data Analysis and Calculations 
 Not applicable to this SOP 

 

16.0 Method Performance 
16.1 Demonstration of Capability (DOC):  Each analyst must perform a DOC prior to 

independently extracting samples and yearly thereafter.  The analyst must prepare 4 

LCS samples.  The data is calculated for accuracy and precision requirements. 

 

17.0 Pollution Prevention 
17.1 Quantity of chemicals purchased should be based on expected usage during its shelf 

life and the disposal cost of unused material.  Actual reagent preparation volumes 

should reflect anticipated usage and reagent stability. 
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18.0 Data Assessment and Acceptance Criteria for Quality Control Measures 
 Not applicable to this SOP 

 

19.0 Contingencies for Handling out-of-control or unacceptable data 
 Not applicable to this SOP 

 

20.0 Waste Management 
20.1 Laboratory SOP QS14 on Waste Handling discusses general guidelines for the 

appropriate handling of wastes and the laboratory program on waste management. 

 

21.0 References 
21.1 Test Methods for Evaluating Solid Waste, SW-846, Third Edition 

21.2 40 CFR, Method 608 

 

22.0 Tables, Diagrams, Flowcharts, and Validation Data 
 Not applicable to this SOP. 
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Changes Summary 
 

Revision 01, 09/09/2010 

• SOP has been updated to reflect the correct QS SOPs and include missing 

solvent/spike information. 

 

Revision 00, 08/01/09 

• Review of SOP indicated no changes were necessary 

• Additional requirements, based upon the DoD QSM 4.1, have been integrated into 

the routine sample flow; however, if the requirement is different from routine 

sample flow, then the requirement is outlined and documented as such to be 

followed only when DoD samples are analyzed. 
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BNA & Pesticide/PCB & TPH NON-AQUEOUS MATRIX 

(Microwave Extraction) 

Using SW846 METHOD 3546 

 

 

1.  SCOPE AND APPLICATION 
a. This SOP describes the extraction of BNAs, pesticides/PCBs, and TPHs from 

soil, sediment, sludges and waste solids by an automated method (3546). 

 

2.  SUMMARY 
a. Soil and solid samples are mixed with sodium sulfate and extracted with 

solvent in a Microwave extractor for BNAs, Pesticides/PCBs, or TPHs.  The 

extracts are then concentrated by a Turbo Vap concentrator. 

 

3.  INTERFERENCES 
a. Solvents, reagents, glassware, and other sample processing apparatus can add 

interferences to sample analysis.  Method blanks must be extracted under the 

same conditions as samples to demonstrate freedom from interferences. 

b. Phthalate esters commonly found in plastics can interfere with the analysis.  

Plastics should be avoided. 

c. Soap residue can degrade certain analytes such as aldrin and heptachlor.  

Glassware should be solvent rinsed to avoid this problem. 

 

4. APPARATUS AND MATERIALS 
d. Stainless Steel spatula 

e. Microwave extractor unit with 40 position carousel, electronic components, 

and ample ventilation 

f. Microwave extraction Teflon tubes, capacity approximately 75mL 

g. Suitable Teflon cap and screw-top lid 

h. Drying column (Chromatographic column) – 20mm I.D. x 300mm 

i. Vial – 2mL clear with Teflon-lined screw cap 

j. Vial – 12mL clear with Teflon-lined screw cap 

k. Syringe – 1mL, 500uL 

l. Pasteur pipet – 9” length 

m. Pasteur pipet bulb 

n. Labels – Dymo 

o. Aluminum foil – heavy duty 

p. Nitrogen tank – equipped with pressure regulator 

q. TurboVap Concentrator with 200mL concentrator tubes 

r. Teflon funnels for pouring off 

s. Balance – capable of weighing to 0.1grams 

t. Aluminum pie pans for mixing samples 

u. Filter paper – 185mm 
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5. REAGENTS 
a. Sodium Sulfate (Na2SO4) – Granular, anhydrous, trace pure 10-60 mesh 

(purchased in bulk containers from Fisher #S415-10S or equivalent) 

b. Methylene Chloride (Please read SOP – 336 before handling this solvent 

in our laboratory) (Dichloromethane) – suitable for spectrophotometry and 

gas chromatography (Fisher #D151-4 or equivalent) 

c. Hexane – suitable for spectrophotmetry and gas chromatography (Fisher 

#H303-4) 

d. Surrogate/Spike Solutions – Verify the amount of surrogate/spike to add to 

the sample prior to addition.  It can change if a different detection limit is 

required or the volume of sample being analyzed changes or if the initial 

concentration of stock is different than that listed below: 

i. BNA Surrogate (100ug/mL) – The base neutral and acid 

surrogates are mixed together in one solution.  This solution is 

prepared in methanol by making a dilution of stock purchased from 

a reputable vendor.  Use 0.5mL of this solution per 15g of non-

aqueous sample.  (For low-level PAHs use 1.0mL of 1.0ug/mL 

BN Surrogate spiking solution.) 
ii. BNA Spiking Solution #1 & #2 (100 ug/mL) – The base neutral 

and acid spiking solutions are mixed together in one solution.  This 

solution is prepared in methanol by making a dilution of stock 

purchased from a reputable vendor with same compounds as for 

calibration.  Use 0.5 mL of this solution per 15g of non-aqueous 

sample.  (For low-level PAHs use 1.0mL of 1.0 ug/mL PAH 

spiking solution.)  The BNA Spiking solutions contain all 

targets that are calibrated for GC/MS.  DOD QSM requires all 

targets to be spiked in the LCS and MS/MSD. 

iii. TCMX/DCB (2,4,5,6-Tetrachloro-meta-
xylene/Decachlorobiphenyl) Surrogate solution is prepared in 

acetone by making a cut on stock purchased from a reputable 

vendor.  0.5mL at 0.5 ug/mL of this solution is added per 15g of 

non-aqueous sample. 

iv. PCB Spiking Solution – Arochlor 1016/1260 or the PCB of 

choice (1242, 1248, 1254, or 1260 are the most common) is 

prepared in acetone at a concentration of 5.0ug/mL.  PCB stock is 

usually purchased from RESTEK or equivalent.  The PCB to use 

may be determined by viewing historical data or asking the GC 

operator.  Use 0.5mL per 15.0g of non-aqueous sample. 

v. Pesticide Spiking Solution – A spiking solution is prepared at 1.0 

ug/mL.  Use 0.5mL per 15g of non-aqueous sample.  

vi. TPH Surrogate – Surrogate solution is prepared in acetone by 

diluting stock ortho-terphenyl standard to a final concentration of 

20 ug/mL.  Use 1mL per 15 grams of sample. 

vii. TPH Spike – A spiking solution is prepared by extractions analyst 

that has a concentration of 1000 ug/mL in acetone. 
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6. SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES 
a. Samples are collected in an appropriate size wide-mouth glass jar (4oz. or 

8 oz.) with a Teflon-lined cap. 

b. Samples are preserved by cooling to 4°C. 

c. Holding time is 14 days from collection date to extraction. 

 

7. PROCEDURE 
a. All soils have a 14-day holding time counted from the day they are 

sampled.  Determine the samples necessary to extract using the following 

information. (DO NOT extract samples for which you have no 

information.): 

i. Each day a backlog is generated in the LIMS providing all relevant 

sample information, including samples numbers and respective 

analysis required. 

ii. Samples requiring RUSH turn around time may be logged in 

throughout the day which will require your immediate attention.  

Log-in personnel will generally communicate this need.  

iii. Check the backlog throughout the day to re-evaluate priority if 

needed. 

b. Wearing lab coat, gloves, and safety glasses, get samples from cooler.  

Samples must be signed out of the walk-in refrigerator.  Enter the sample 

numbers, your initials, and the date and time removed on the log provided.  

Inspect as to whether they are in glass and have a Teflon lid.  Find out if 

any special dilutions need to be made for this client.  If the sample has a 

particularly bad matrix or a strange matrix, see your supervisor to find out 

if a microwave extraction is truly necessary. 

c. Get twice the number of aluminum pie pans to prepare the number of 

samples you have plus any additional spikes of LCSs and a method blank.  

A method blank and LCS must be processed with each set of samples.  A 

matrix spike, a duplicate or a matrix spike duplicate and a LCS must be 

processed for each analytical batch (up to a maximum of 20 samples).  

Using the LIMS, create a batch of samples and print off sample labels.  

The LIMS will create a unique batch sequence number. 

d. Decant and discard any water layer on a sediment sample by carefully 

pouring this off into a trashcan. 

e. Dump the entire sample into an aluminum pie pan and mix sample 

thoroughly with a spatula until mixture is homogenous.  Discard any 

foreign objects such as sticks, leaves, and rocks. 

 

It is extremely important that waste (when appropriate), soil and sediment samples be 

mixed thoroughly to ensure that the sample is as representative as possible of the sample 

media.  The most common method of mixing is referred to as quartering.  The quartering 

process should be performed as follows: 

 

• The material in the sample pan (inorganic-plastic/organic-

aluminum) should be divided into quarters and each quarter 

should be mixed individually. 
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• Two quarters should then be mixed to form halves. 

• The two halves should be mixed to form a homogenous matrix. 

 

This procedure should be repeated several times until the sample is adequately mixed.   

 

NOTE:  Samples that are clay type materials should be handled in a different manner.  

Due to these type sample matrices having an affinity to stick to most anything that 

touches it, another approach must be followed.  Obtain a representative sub-sample 

aliquot from the center or middle section of the sample container 

Place an aluminum pie pan on the balance and zero it.  Calibrate balance with ASTM 

class-1 Troemner weights or equivalent, bracketing desired weight (50g, 20g, 10g, 5g, 

1g).  Record calibration in the Extraction calibration/temperature logbook. Using a 

spatula, transfer the appropriate weight, {10-20 grams depending upon client or project 

specific Detection Limits (DL) and/or Reporting Limits (RL)}, of a representative sample 

to the nearest 0.1 gram. Normally 10 or 15g sample weights are used.  Record this 

amount on your label.  Put your label on the side of the 400-mL beaker.  For spiking 

purposes, weigh 3 aliquots of the appropriate sample.  Pick a sample with a good matrix, 

one that mixes well, non-oily, etc. 

 

f. Add ~ 15 grams of sodium sulfate to the aluminum pie pan. Using a 

spatula and/or a glass rod, mix the sample thoroughly with the sodium 

sulfate until it becomes a sandy texture.  If necessary, add additional 

sodium sulfate.  When removing the spatula or glass rod from the mixed 

sample, leave behind all the sample possible.   Cover the aluminum pie 

pan with foil and continue to weigh up the remaining samples.  For the 

method blank and LCS, weigh up 15 grams of sodium sulfate. The matrix 

used for the method blank and LCS must be free of the analytes of interest 

and processed through the same analytical steps as the samples. 

g. Quantitatively transfer samples to microwave tubes.  Make sure samples 

are loaded in the rack in the order of the bench sheet. 

h. Verify the amount of surrogate/spike to add to the sample prior to 

addition.  It can change if a different detection limit is required or the 

volume of sample being analyzed changes. Set out the surrogate/spike at 

least ten minutes before use to allow it to warm to room temperature. 

Someone must verify that the surrogate/spike has been added by watching 

and signing off on bench sheet.   

i. Surrogate: BNA - using the 1-mL glass syringe designated for BNA 

surrogate, add 0.5 mL of BNA surrogate to each sample, spike, and blank. 

Pest/PCBs - using the 1.0-mL glass syringe marked TCMX/DCB 

surrogate, add 0.5 mL of TCMX/DCB surrogate to each sample, blank and 

spike. TPH – use the appropriate 1.0-mL glass syringe to add 1.0 mL of  

the appropriate surrogate to each sample, blank and spike. 

j. Spiking: For the BNA sample in each analytical batch selected for spiking, 

use the 0.5-mL glass syringe marked Base Neutral Acid Spiking to add 0.5 

mL of the Base Neutral Acid Spiking solution. (For low level PAHs use 

1.0 ml of the 1.0µg/mL PAH spiking solution.) 
For Pest/PCB samples, determine if the sample will require a Pesticide  
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Spike and/or a PCB Spike.  Proceed as follows: 

Pesticide and PCB - set up two LCS’s  – one for Pesticide getting an AB 

MIX spike and one for PCB, which should be spiked with PCB 1660.  In 

addition to the LCSs, a matrix spike/matrix spike duplicate is necessary 

for the pesticide.  Prepare a PCB matrix spike/ matrix spike duplicate if 

requested by the client.  

Pesticide only – To the sample in each analytical batch selected for 

spiking, add 0.5 mL of Pesticide Spike (Mix A&B) with a glass syringe 

dedicated for Pesticide Spike.  

PCB only - To the sample in each analytical batch selected for spiking, 

add 0.5 mL of PCB 1016/1260 (unless otherwise specified, 1248 for 

BB&L) using a 1.0 mL glass syringe dedicated to that PCB.  

 

For TPH - To the sample in each analytical batch selected for spiking, 

add 1mL of the appropriate spiking solution (i.e. DRO or TNEPH or 

MAEPH) using a 1.0 mL glass syringe dedicated to that spike.  

   
k. Solvent:  Add 30mL methylene chloride for BNA/PAH/TPH extractions 

or 30ml hexane for Pest/PCB extractions. 

l. Place a Teflon cap and Teflon screw top on the Teflon microwave tube.  

Using the cap tightener station, tighten the caps and invert sample to 

insure proper mixing and check for leaks in cap. 

m. Place microwave tubes in microwave carousel making sure they are in 

order and spaced evenly throughout the carousel to insure proper heating 

while in microwave. 

n. Place microwave carousel in microwave making sure the carousel is 

properly lined up with the turning mechanism. 

o. Choose saved program option based on total number of samples to extract 

and begin process by pressing the start button.  The program is set to EPA 

method 3546 specifications. 

 

For 1-15 samples: 

Max power:  800W 100% 

Ramp time:  15:00 

Control temperature (in Celsius):  110 

Hold time:  10:00 

Cool down:  5:00 

 

 

For 16-40 samples: 

Max power:  1600W 100% 

Ramp time:  15:00 

Control temperature (in Celsius):  110 

Hold time:  10:00 

Cool down:  5:00 

p. Allow samples to cool in the carousel for an additional 30 minutes before 

attempting to handle the extracts. 

q. Transfer the extract to a pre-rinsed turbo vap tube by first passing through 
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a funnel with P4filter paper sodium sulfate.  All tubes and funnels should 

be pre-rinsed with Methylene Chloride.  After pouring the extract into the 

turbo, rinse the microwave tube 3 times with the extraction solvent and 

transfer the rinsate to the turbo.  Finally, rinse the funnel with an adequate 

amount of the extraction solvent using a Teflon squirt bottle.  This ensures 

optimum transfer of all compounds of interest. 

r. Now concentrate the extract to 1.0mL using the turbovap concentrator. 

i. Turbo-Vap Operation:  Adjust the pressure of nitrogen gas tank 

to 50 psi.  Make sure the tank has 200 psi or more on the main 

valve.  The temperature of the bath should be approximately 45°C.  

The pressure target range should be about 20-25 psi.   

ii. Place the turbo vap tube in the Turbo-Vap.  Be sure to push tube 

down so the tip slides into the sensor well.  Close the lid to start 

concentration.  Check that each position with a tube has an orange 

light showing.  If the orange light is not steady, bubbles may be 

detected by the sensor and need removal.  (See Turbo-Vap 

manual). 

iii. When the beep sounds indicating the end of concentration, the 

extract will be at approximately 1 mL.  Remove the tube from the 

bath. 

s. BNA and TPH samples need to be concentrated to ~1.0mL while 

Pesticides and PCB should be concentrated to ~5.0mL in turbo vap.  Using 

clean solvent, rinse turbo with Pasteur pipet and bring sample to volume in 

sample vial. 
 

8. DOCUMENTATION OF CAPABILITY (DOC) 
a. Each analyst must perform a DOC to demonstrate proficiency with this 

method. Refer to SOP QS08 for guidance. 

 

9. WASTE MANAGEMENT AND POLLUTION PREVENTION 
a. Please see Waste Disposal SOP QS14 for the proper disposal of waste 

generated from this area.  

b. Quantity of chemicals purchased should be based on expected usage 

during its shelf-life and the disposal cost of unused material. Actual 

reagent preparation volumes should reflect anticipated usage and reagent 

stability. 

 

 

10. METHOD PERFORMANCE 
a. Refer to SOP-201, SOP-211 and SOP-219 for method performance. 

 

11. REFERENCES 
a. EPA Methods SW-846, Method 3546 

 

12. DEFINITIONS 
a. Refer to SOP QS08 for definitions. 
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13. HEALTH AND SAFETY 
a. Wear appropriate personal protection equipment when working with 

chemicals or samples. 

b. Use the lab hoods when working with solvents. 

c. Use caution when mixing strong acids or bases. Solutions will become 

extremely hot when mixing with water. Avoid splashing these solutions so 

they won’t come in contact with the skin or eyes. If this happens, flush 

with lots of water. Contact your supervisor if serious and medical attention 

is needed. 
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Analytical Laboratory Waste Disposal 
Standard Operating Procedure 

I. SCOPE AND APPLICATION: 
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Empirical Laboratories, LLC laboratory waste includes excess client sample waste 
and waste that are generated while performing an array of analytical services, some 
of which are hazardous. These wastes must be disposed of in a manner that is safe, 
cost efficient and in accordance with hazardous waste regulations. 

A. Wastes can be broken down into the following categories: 

1. Unused portions of actual samples received from outside clients. 

a. Unused aliquots of completed water samples. 

b. Unused aliquots of completed non-aqueous samples. 

2. Soils from quarantined areas 

3. All other soils, sediments, building debris, wipes etc. 

4. Hazardous waste generated within the laboratory as part of numerous analytical 
procedures. 

II. SUMMARY OF PROCEDURES: 

A. There are four options for disposing of unused sample portions: 

1. Return completed samples and any generated waste from these samples to the 
client. 

2. Throw the sample away after confirming that it is non-hazardous. 

3. Disposal through a waste vendor in either a sealed drum or lab pack. This is 
normally done twice a year. 

4. Treat the sample to make it non-hazardous and dispose of it as such. (Aqueous 
pH neutralization only.) 
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B. There are two options for disposing of laboratory generated waste: 

1. Disposal through a waste vendor in either a sealed drum or lab pack. This is 
normally done twice a year. The waste must be stored properly until the waste is 
transported off site. 

For example: Solvent waste must be stored in the vented flammable cabinet. 

2. Treat the waste to make it non-hazardous and dispose of it as such. (Aqueous pH 
neutralization only.) 

III. EQUIPMENT/APPARATUS: 

A. Proper safety equipment in good working condition. This includes 
gloves, lab coat and safety glasses/goggles (voluntary use of cartridge 
respirator allowed see area manager or QAO). 

B. USDOT approved drums for storing and shipping hazardous waste. 

C. Fume hood vented outside the building. 

D. Flammable storage cabinet which is vented to the outside 

IV. PROCEDURE 

Waste disposal is done under the management and coordination of the Sample 
Receiving Manager, Section Managers and the Health and Safety Officer. 

A. Disposal of completed aqueous samples: 

Completed samples are kept in cold storage for approximately three weeks after the 
final report has been mailed. Engineering support projects involving CLP work, 
litigation cases etc. may be saved for longer than three weeks at the request of the 
project manager. 

No samples should be disposed of without approval from the responsible area 
manager or analyst. At this point the area manager and/or analyst will 
communicate information about samples deemed as hazardous. 
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1. The majority of the water samples (ground, surface and drinking) is non
hazardous and is disposed of by pouring them down the sink. 

a. This must be done under the hooded area located near the sink in sample 
recelvmg. Make sure that the sash is closed far enough to produce sufficient 
ventilation. The tap water should be turned on to supply copious wash for sample 
disposal. 

b. Proper safety equipment must be used including safety glasses (face shield if 
necessary), lab coat and gloves. 

c. be alert to potential problems: for example, separate Cyanide waste from 
acid waste. Neutralize acid waste that will be poured down the drain and 
don't mix waste/samples thought to contain Cyanide with samples that are 
acidified. Also, look for things such as phase separation, odd color, odor etc. 
Check with the area manager or Health and Safety Officer before disposing 
of any questionable samples. 

d. Tap water must be running during the time samples are poured out and for 
approximately 10 minutes after so sufficient flushing and dilution takes place. 

e. All containers must be rinsed out, all identifying markings defaced or removed, 
and thrown into the trash. 

f. All samples disposed of in this manner must be documented in the bound disposal 
log. 

2. If water samples are hazardous (known or suspected), one of the following steps 
must be taken. 

a. Samples may be returned to the client. If you plan to ship the unused portion back 
to the client check with shipping and receiving to make sure that the material can be 
shipped in accordance with USDOT regulations. If the samples are not returned 
to the client they must be stored properly until picked up by a waste 
vender. 

b. Treat the sample to make it non-hazardous. One example of this is if the sample 
is highly corrosive, the pH may be adjusted. 

c. Store the sample properly until either a sealed drum or lab pack is sent out. 
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d. All samples disposed of in this manner must be documented in the bound disposal 
log. 

B. Disposal of completed non-aqueous samples: 

The majority of non-aqueous samples are soils or sediments, although there may also 
be building debris, wipes, oils, and occasionally product type samples. 

1. If samples are non-hazardous they must have all identifying markings defaced or 
removed, and thrown into the trash. On specific projects we may also opt to return 
the unused portions to the client even if they are non-hazardous. 

2. If non-aqueous samples are hazardous (known or suspected), one of the following 
steps must be taken. 

a. Samples may be returned to the client. If you plan to ship the unused portion 
back to the client check with shipping and receiving to make sure that the material 
can be shipped in accordance with USDOT regulations. If the samples are not 
returned to the client they must be stored properly until picked up by a 
waste vender. 

b. Store the sample properly until a lab pack is sent out. 

3. Soil samples taken at a depth of three feet or less from areas, which have been 
quarantined by the US Department of Agriculture (USDA), must first be treated at 
the laboratory to prevent the spread of any plant pests. The USDA has detailed 
proper treatment procedures of which we use the following: 

a. The sample is heated to lS0°C(356°F)in a vented oven for two hours. 
b. After the heating the samples are placed close to a hood to cool and are marked as 
being ready for disposal. 

4. Once the samples have undergone treatment they can then be disposed of by one 
of the procedures for non-aqueous samples. All samples disposed of in this 
manner must be documented in the bound disposal logbook with the 
following information: 

a. Client 
b. Sample #s 
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c. Date(s) treated 
d. Treatment method used 

C. Disposal of laboratory generated waste: 
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Generated waste is stored outside the building, inside the caged fence until a waste 
pick up occurs. This area must be maintained properly. 

1. Waste handling and disposal within each laboratory section: 

Each laboratory analyst and section manager is responsible to assure that handling 
operations within their area are being followed according to the laboratory 
requirement. 

a. General Chemistry/Inorganic 

Each analyst performing specific laboratory tests that generates waste is responsible 
to handle and dispose of the waste in a safe manner and under the guidelines listed 
below. If you have any questions left unanswered regarding waste disposal within 
your specific area contact the inorganic manager or the safety officer. 

• Concentrated acid waste, (>2% by volume) and dilute mercury waste (mercury, 
chemical oxygen demand, total kjeldahl nitrogen and chloride analyses waste) are 
poured into the Acid Satellite Waste drum located outside the back of the building 
inside the caged fence. Document the type and amount of waste in the acid 
waste logbook, then initial and date the entry. 
• Dilute acid waste «2% by volume or less) are neutralized using concentrated 
amounts of sodium hydroxide and poured down a sink drain within hooded 
ventilation with copious amounts of tap water. The amounts of acid waste treated 
along with the amount of sodium hydroxide used to neutralize the acid waste, is then 
recorded into an acid waste neutralization log book that is kept in sample receiving. 
• All other non-hazardous sample waste, reagents and standards are 
poured down the drain with copious amounts of tap water. 

b. Metals 

Each analyst performing specific laboratory tests that generates waste is responsible 
to handle and dispose of the waste in a safe manner and under the guidelines listed 
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below. If you have any questions left unanswered regarding waste disposal within 
your specific area contact the inorganic manager or the safety officer. 

• Concentrated acid waste. aqueous sample waste digestates and old unused 
calibration standards (>2% by volume) are poured into the Acid Satellite Waste 
drum located outside the back of the building inside the caged fence. 
• Non-aqueous sample digestate wastes are decanted off the soil/solid samples into 
the Acid Satellite Waste drum located outside the back of the building inside the 
caged fence. Rinse the soil/solid with tap water several times and discard the 
first rinsate into the Acid Satellite Waste drum and the sequential rinsates 
decant down an acid drain with copious amounts of tap-water. 
• Throw the soil/solids in the trash once the acid has been rinsed free. 
• Cr6 digestates as with all concentrated metal/acid waste are poured into 
the Acid Satellite Waste drum. 

c. Organic Extraction Laboratory Area 

Each analyst performing specific laboratory tests that generates waste is responsible 
to handle and dispose of the waste in a safe manner and under the guidelines listed 
below. If you have any questions left unanswered regarding waste disposal within 
your specific area contact the organic manager or the safety officer. 

• Concentrated acid waste is discarded into the Acid Satellite Waste located outside 
the back of the building inside the caged fence. 
• Non-chlorinated solvent waste (Acetone, Ether, Hexane, and Methanol .... etc ... ) 
pour into the Non-Chlorinated Waste labeled bottle located in the hood in the 
Organic Extraction Laboratory. 
• Chlorinated solvent waste (Methylene Chloride. Chloroform. chlorinated standard 
and spike waste) pour into the Chlorinated Waste labeled bottle located in the hood 
in the Organic Extraction Laboratory. 

**Note: Laboratory generated solvent waste is transferred to the 
appropriate Satellite Solvent Waste Drum (chlorinated or non-chlorinated) 
weekly or as deemed necessary. Disposal of solvent waste is done under the 
direction of the organic laboratory manager. These drums are located 
outside the back of the building inside the caged fence and only authorized 
laboratory staff are allowed to add waste solvent to these drums. The date 
of addition to the drum, type and quantity of solvent is entered into the 
'Organic Solvent Waste Logbook' located on the shelf next to the drums. 
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• Aqueous sample waste from extracted samples (once the extraction 
solvent has been removed) is poured down the drain and flush with copious 
amount of tap water. 
• Non-aqueous sample waste and sodium sulfate waste is dumped into a waste 
container under an extraction laboratory hood and left overnight or until the solvent 
is evaporated and then the waste is discarded into the trash. 

d. Gas Chromatography (GC)/High Performance Liquid Chromatography (HPLC) 
Laboratory 

• Autosampler vials are discarded into the appropriately labeled box located in the 
GC/HPLC Laboratory. 

PCB Box - all samples/standards 
Pesticide Box - all samples/standards 
Herbicide Box - all samples/standards 
8330 Box - all samples/standards 
Methylene Chloride Box- all samples/standards that contain methylene chloride 
(Diesel Range Organics, DRO) 

• Sample and spike extract vials are separated according to the contents in the vial. 
Acid cleaned extracts are combined into a separatory funnel and the acid layer 
separated from the solvent. The acid portion is discarded into the Acid Satellite 
Waste drum located outside the back of the building inside the caged fence. The 
solvent waste is discarded into the appropriate solvent waste bottle (chlorinated/non
chlorinated waste) located in the hood in the organic extraction laboratory. 

Unused stock and working standards are discarded into the chlorinated solvent 
waste bottle located in the organic extraction laboratory. The empty vials are rinsed 
several (3) times with solvent and the solvent rinsate poured into the solvent waste 
and the vials with labels removed are discarded into the glassware waste container. 

e. Gas Chromatography/Mass Spectrometry 

• Volatile sample, standard and reagent waste 
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Waste from the instrument - Aqueous sample waste is collected in waste bottles 
via waste lines from the instrument. The bottles are emptied into buckets and 
poured down the drain(pH is < 2% by volume). A small amount of methanol used to 
clean glassware is also dumped into the bucket and poured down the drain. While 
disposing of sample waste always run the cold tap water 10-15 minutes. Non
aqueous waste from sample analyses is retained and dispose of in the same manner 
as the unused sample. Unused sample is held for sample disposal by the sample 
receiving area, see A and B listed above. 

Standards - Unused stock and working standards are discarded into the 
chlorinated solvent waste bottle located in the organic extraction laboratory. The 
empty vials are rinsed several (3) times with solvent and the solvent rinsate poured 
into the solvent waste and the vials with labels removed are discarded into the 
glassware waste container. 

In conjunction with section managers, the sample receiving area disposes of solid 
sample waste and unused aqueous and solid samples see procedures A and B listed 
above. 

• Semivolatile sample and standard waste disposal 

Methylene chloride waste solvent and standard waste in vials are poured into the 
chlorinated waste bottle in the hood in the organic extraction laboratory. The empty 
vials are rinsed with solvent and the solvent poured into the waste solvent bottle. 
The vials with labels removed are discarded into the glassware waste disposal 
container. 

Auto sampler vials are collected in buckets and stored under the hood in the organic 
extraction laboratory. Periodically the vials are consolidated in lab packs for 
disposal by a licensed waste disposal company. 

f. Bioassay Laboratory 

• Aqueous sample waste and a small amount of methanol are poured down the 
drain with copious amounts of tap water. Larger amounts of methanol used for 
glassware cleaning are collected in beakers and evaporated at room temperature. 

• Hazardous or product samples are returned to the client. 
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In conjunction with the Safety Officer, the sample receiving supervisor is responsible 
to coordinate waste disposal operations with outside waste disposal contractors. 

1. Solvent waste from the areas discussed above is periodically consolidated into two 
drums located outside the back of the building inside the caged fence (c. Organic 
Extraction Laboratory Area, * Note). A drum designated either chlorinated or non
chlorinated solvent waste is available to receive the appropriate solvent waste. When 
the drums become full (fluid surface six inches below the top of the drum), an 
authorized hazardous waste contractor will be scheduled to remove them to proper 
waste disposal. 

2. The Acid Satellite Waste drum is also disposed through the authorized hazardous 
waste contractor once the drum is full to the level of six inches below the top of the 
drum. 

3. Consolidated autosampler and standard vials are periodically Lab-Packed m 
drums and disposed through the authorized hazardous waste contractor. 

4. The Laboratory Health and Safety Officer will administer the Waste Disposal 
Program and maintain current information to track quantities of waste generated 
and stored on-site. 

It is the continuous objective of our laboratory to find ways to decrease the 
amount of waste generated. 
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Changes Summary 
 
Revision 14, 09/07/10 
 

• The SOP combines SOPs 404, 406, 410, 415 and 432 into one SOP with updated naming.  
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1.0 Sample Acceptance Criteria 
This SOP lists in as much detail as possible our daily procedures for sample receiving, log in and 
storage of laboratory samples.  Keep in mind that there may be project specific requirements that 
are more strict or different than our routine procedures.  In these instances, the project specific 
requirements must be met and followed.  Although a few project specific requirements are detailed 
in this SOP, i.e. DoD certification issues, not every situation can be addressed.  If there is ever any 
uncertainty on what procedures must be followed, please see the Project Manager or your section 
manager immediately.  If ever in doubt, always go with the more stringent requirements.  This 
document will constantly be reviewed and revised as necessary. 

1.1 A sample may be rejected for compliance purposes if it does not meet the following 
criteria.  Analyses may only proceed after notification and approval to proceed from the 
client or from the laboratory manager. 

1.1.1 Sample must be properly preserved and in the proper container for the requested 
analysis. 

1.1.2 Sample integrity must be maintained.  The container shall be intact without 
cracks, leaks, or broken seals. 

1.1.3 Adequate sample volume must be received for the requested analysis, including 
volume for any requested QA/QC (MS/MSD). 

1.1.4 The sample ID on the bottle label must match the sample ID listed on the chain of 
custody. 

1.1.5 The sample container label and the chain of custody must be completed with 
indelible ink.  The sample label must be intact and list all necessary information; 
to include: sample date, sample time, sampler, and sample ID/location.  The chain 
of custody shall also indicate sample date and time, requested analyses, and all 
necessary client information. 

1.1.6 Sample temperature must be less than 6°C or received on ice. 
1.1.7 Sample must be within holding time for the requested analysis. 
 
These issues are discussed in more detail below under the “Sample Receiving” section of 
this document. 

 
2.0 Sample Receiving 

2.1 Samples are received at the Empirical Laboratories on 621 Mainstream Drive, Suite 270 
Nashville, TN 37228. 

2.1.1 The majority of samples are shipped in coolers by couriers such as Federal 
Express and UPS.  All couriers are generally received in the Empirical 
Laboratories Sample Receiving (SR) area loading dock in back of the laboratory.  
The laboratory is located close to the Federal Express (FedEx) distribution station, 
therefore we do pick up our coolers at the FedEx location and transport them back 
directly to the laboratory.  Some coolers and/or samples are delivered directly to 
the SR area by the sampler and/or client. 

2.1.2 Some coolers and/or samples may be received directly by Empirical Laboratories 
Sample Receiving personnel.  If samples are hand delivered by the client make 
sure that necessary paperwork is included and that you sign and date the chain of 
custody, as well as record the temperature of the samples on the chain of custody 
as well.  If the Empirical Laboratories Chain of Custody [Attachment II] is used 
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the white and yellow copy of the chain of custody is retained and the pink copy 
must be given to the client. 

2.2 Visually inspect all coolers for tampering, custody seals, (intact if applicable) leakage, etc.  
If a cooler has been damaged beyond repair, unpack the samples and discard the cooler as 
to not reuse it.  If you suspect a cooler may be damaged or is extremely dirty this cooler 
must not be reused.  If coolers were sent by Federal Express, examine the Federal Express 
air bills for the number of packages in the shipment and make sure that all the packages 
(coolers, boxes etc.) in a group have been received.  If there are any problems the Project 
Manager must be contacted immediately.  If anything looks unusual, take the time to check 
it out and document the situation and findings. 

2.3 Open each cooler in order to quickly inspect the contents and to locate the chain of custody.  
Sample receiving personnel should wear the following personal protection equipment: 
gloves, safety glasses and a laboratory coat.  Your signature and the date and time the 
samples were received must be placed onto the chain of custody.  The time received must 
reflect the actual time the samples were received even though they may be logged into the 
system at a later time.  Samples received on Saturday may be processed on the following 
Monday morning, or samples received late in the day during the week may be processed 
the next morning.  All cooler(s) must be opened, examined (for leakage, breakage etc.), the 
temperature measured and the chain of custody signed and dated to reflect the actual date 
and time which they were received.  The samples must be delivered to the appropriate 
analytical department or put in cold storage as soon as possible. 

2.3.1 Attach any shipping receipts, work orders, documentation, etc. to the chain of 
custody. 

2.3.2 If a chain of custody or other paperwork is not sent, the client must be contacted 
and the samples temporarily placed on hold in cold storage.  In some instances the 
log-in person may complete a chain of custody.  The required information may be 
found on the sample containers or it may be necessary to call the client to get the 
missing information (i.e. sample ID, collection date and time, etc.).  All attempts 
to encourage our customers to complete a chain of custody or submit written 
information for samples must be made. 

2.3.3 Project specific paperwork may be required.  For all projects, a Cooler Receipt 
Form [Attachment IV] must be completed for each cooler received.  Sample 
receiving personnel must begin completing this form as soon as a cooler is 
received and complete this form as samples go through the log in process. 

2.4 The temperature of each cooler or set of samples must be measured as quickly as possible 
using a thermometer with 0.1°C increments.  This thermometer must be calibrated against a 
NIST certified thermometer quarterly and this information recorded in a bound notebook.  
The Certificate of Calibration for the NIST thermometer is kept on file at the QAO’s desk.  
The thermometer must be tagged with the unique identification number of SR#1 and serial 
#; (Sample Receiving #1), the date calibrated and the correction factor.  This information 
must also be recorded in a bound notebook.  Only this thermometer can be used for 
recording the temperature of sample coolers upon receipt. 

2.4.1 To measure the temperature, point the IR thermometer at the cooler temperature 
blank (if supplied) or a direct sample and wait a few seconds for the temperature 
to stabilize. The IR gun should be held 6 inches away (from the temperature blank 
or sample) for an accurate reading.  Read the temperature to the nearest 0.1 °C.  
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The corrected value temperature must also be recorded on the chain of custody.  
(This value will also be recorded into the LIMS at a later point.).  All regulatory 
compliance samples received from North Carolina that does not meet the 
temperature requirement will be segregated and the client will be notified of the 
non-compliance.  The samples will not be analyzed until we receive client 
notification to proceed with analyses. 

2.4.2 If the temperature exceeds 6°C for any sample, the project manager must contact 
the client immediately.  There may be tighter temperature control limits for 
specific project requirements. The customer must make the decision to either 
continue with the analyses or resample.   Make sure the client is aware that if the 
samples are analyzed, the following qualifier is normally included on the final 
report:  "The shipping cooler temperature exceeded 6°C upon receipt to Empirical 
Laboratories.  This may have an impact on the analytical results.  The 
concentration may be considered as estimated."  Not all samples for the project 
will be flagged, just those samples received above 6°C. 
 
Many times we are not able to get in touch with the client quickly and the best 
judgment on how to handle the samples must be made after discussion with the 
Project Manager and/or Laboratory Director.  The samples may still need to go 
through the log in process although it may be eventually determined that the 
samples will not be analyzed or the samples may temporarily be placed on hold 
and not logged in.  Above all do not allow the samples to set out at room 
temperature for an extended period of time while waiting for a decision. 
 
The only exceptions to the 6°C rule are: 
2.4.2.1 Water samples for all Metals, (except Chrome 6+ and mercury) that have 

been preserved with HNO3 to a pH of < 2.  Keep in mind that non-
aqueous sample for Metals must be cooled. 

2.4.2.2 Samples for Fluoride, Chloride and Bromide. 
2.4.2.3 Waste/Product samples for all parameters. 
2.4.2.4 Samples generated in the Aquatic Toxicology laboratories and brought 

directly to Sample Receiving after they are collected.  Sample receiving 
personnel should place these in cold storage as soon as possible. 

2.4.2.5 Samples collected locally by Empirical Laboratories personnel or local 
customers that hand deliver their samples.  In some instances these 
samples may not have had time to cool down; however, these samples 
should have been placed on ice in an attempt to cool them to the proper 
temperature.  This exception is only applicable if the samples were 
collected the same day as the laboratory receives them.  It should be noted 
if samples are “Received on Ice” (ROI). 

2.5 If several coolers are received at once, they must be inspected to determine the order in 
which the samples should be unpacked and logged in.  The following priorities should be 
given: 

2.5.1 Any analyses which have a 24-72 hour holding time.  It is the log-in person's 
responsibility to notify the department manager or section group leader of such 
samples via e-mail and verbally. 
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2.5.2 Any sample which has almost exceeded its' holding time. (Especially watch for 
this with waters organic extractions, Solids and Sulfides, all of which have only 7 
days).  A list of parameters and holding times is posted in sample receiving. 
2.5.2.1 If a sample is received already out of holding time, this must be 

documented and the project manager must be contacted.  The sample can 
be analyzed at the client's request, but it will be qualified on the final 
report as being analyzed out of holding time.  The project manager must 
inform you of the client’s need. 

2.5.2.2 If a sample is received with limited holding time remaining for any 
parameter it may be necessary to contact the project manager so that 
he/she can contact the client.  If the sample has to be analyzed on a rush 
basis to meet the holding time a rush charge may apply.  Also it may not 
be possible to analyze the sample within the holding time due to sample 
load, etc. 

2.5.3 Samples requiring rush turnaround. 
2.5.3.1 If sample(s) require 24 or 48-hour turnaround they will take first priority.  

Other rush requests also have high priority. 
2.5.3.2 The project manager and/or section manager must be contacted for 

approval concerning any unscheduled rush requests. 
2.6 Unpack all samples from the cooler.  If there are any known or suspected hazards this must 

be done under a hood.  It may be necessary to rinse off the outside of the containers in the 
sink and/or wipe them off with a paper towel. 

2.6.1 Visually inspect them for tampering and custody seals (if applicable).  Sort and 
inventory the samples against the chain of custody by arranging them in the same 
order as they are listed on the chain of custody.  Normally samples are assigned 
log numbers in the same order as they are listed on the chain of custody but for 
certain projects or situations it is acceptable to arrange them in a manner which 
will make them easiest to log in. 

2.6.2 Check for leakage and sample container breakage as this could compromise the 
sample integrity.  If any spillage occurred in the cooler make sure this is noted.  
Also list all the other samples in the cooler as cross contamination could occur.  
The Project Manager and/or the customer may need to be notified in these 
situations.  It may be necessary to resample. 

2.7 Check the chain of custody information against the information recorded on the containers.  
If these do not agree, this must be documented and the Project Manager must be notified.  

2.7.1 If major changes are made on the chain of custody received from an engineering 
job, then the PE should submit written confirmation of these changes or make the 
corrections and initial them directly on the chain of custody. 

2.7.2 Any error found on the chain of custody must be marked through with one line, 
initialed, dated and the correction written in. 

2.8 Note any unusual requests, methodology, hazards (known or suspected) to the project 
manager and/or laboratory section manager or analysts before the samples are actually 
logged in.  Make notes of any problems (improper containers, preservatives, temperature, 
or descriptions, etc.). 
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3.0 Sample Log In 
3.1 After samples have been unpacked, sorted and reviewed, they are then ready to be assigned 

log numbers and continue through the log in process.  Make sure that the parameters for the 
samples are clearly marked on the chain of custody.  Contact the project manager if there 
are any questions, problems, etc.  

3.2 Assign a work-order and sample number to each individual sample and record it on each 
sample container and the chain of custody 

3.2.1 All containers with the same description must have the same sample number even 
if they have different preservatives and require different tests.  However, each 
different fraction (bottle type and/or preservative) should be designated with a 
letter (A, B, C, etc.). 

3.2.2 Grab and composite samples from the same sample location must be considered 
as separate samples.  It may be necessary to use "grab" or "composite" as part of 
the sample description to distinguish between the samples.  Only assign different 
log numbers to them if the parameters are clearly marked as grab and as 
composite.  Do not assume that VOC must be analyzed from grab samples so 
therefore the client must have taken a grab sample. 

3.2.3 Sample numbers must begin with 001 at the beginning of each year (e.g. 
0101001).  

3.3 Check the following items and record this information on the cooler receipt form to further 
ensure sample integrity.  If any of the following requirements are not met it may be 
necessary to contact the client.  We can perform the analyses in most cases and will do so 
with the client's approval, however the results may be qualified in some manner on the final 
report. 
 
Preserving sample integrity throughout the log in procedure must be one of our section's 
top priorities.  This includes not only ensuring that the proper chemical preservatives have 
been added but also that the samples are received and maintained at the proper temperature.  
Samples should not set out at room temperature if there is a delay.  The samples must 
temporarily be placed in cold storage until you are able to complete the log in procedure.   
 
[Make sure the VOC containers are not temporarily stored in a non designated VOC only 
storage area.] 

3.3.1 Determine if the samples were received at the proper temperature. 
3.3.2 The sample descriptions on the bottle should match those on the chain of custody. 
3.3.3 Check to determine if the proper chemical preservatives were added to adjust the 

sample to the correct pH.  All regulatory compliance samples received from North 
Carolina that does not meet the preservation requirement will be segregated and 
the client will be notified of non-compliance.  The samples will not be analyzed 
until notification to proceed with analyses is received from the client.  A list of 
parameters and the required chemical preservatives is posted in the log-in room.  
The verification of this preservation will be recorded on the Cooler Receipt Form 
for all projects.  If Empirical Laboratories prepared and shipped out the sample 
containers they will have been pre-preserved unless instructed otherwise by the 
client.  Complete traceability of the preservatives used to pre-preserve the sample 
containers and to preserve samples in the log-in area is required.  A bound 
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notebook must be used to trace this information and must include the following: 
Lot #, Type of preservative, Date Prepped, Amount and Analyst Name.  This 
information must also be labeled on each container, re-pipetter, etc. that the 
preservative is stored in.  Each lot of HNO3 used for Metals preservation must be 
tested prior to using them for preservation.  These analyses are kept on file. 
3.3.3.1 The pH of each container (except VOA vials) which requires pH 

preservation must be checked.  Do not open and check the pH of VOA 
vials in sample receiving/log-in.  This information is then documented on 
the project cooler receipt form.  

3.3.3.2 The pH of preserved samples is checked and confirmed using pH narrow 
range indicator paper. When the client request pH analysis on samples and 
they must be reported and measured for pH using the narrow range paper 
rather than a pH meter, the accuracy of each batch of indicator paper must 
be calibrated to the nearest tenth versus certified pH buffer and recorded 
into a bound logbook in accordance with SW846 method 9041A pH Paper 
method. 

3.3.3.3 When taking the pH reading, DO NOT PUT THE pH PAPER DIRECTLY 
INTO THE SAMPLE CONTAINER.  Pour up a small aliquot and dispose 
of this volume after the pH is taken.  For some samples (wastes) the 
indicator paper may not be accurate due to interferences.  The observation 
of the appropriate color change is a strong indication that no interferences 
have occurred.  If it appears as if there is interference, the pH must be 
measured using the pH meter.  [See SOP ATSD-187 pH, Electrometric.] 

3.3.4 The following guidelines must be followed to check pH preservation: 
3.3.4.1 Water samples for Cyanide analyses must be preserved to a pH of >12.0 

with NaOH upon collection.  If the pH of these samples is <12.0 upon 
receipt, the client must be notified immediately.  Upon client approval, the 
sample should then be adjusted to >12.0. 

3.3.4.2 Water samples for Metals analyses must be preserved to a pH of <2.0 with 
HNO3 upon collection.  If the pH of these samples is >2.0 upon receipt, 
the client must be notified immediately.  Upon client approval, the sample 
should then be adjusted to <2.0. 

3.3.4.3 Samples requiring analyses which are preserved with H2SO4 (i.e., 
Nitrogen compounds, Total Phenolics, Oil and Grease, Total Phosphorus, 
etc.) should be preserved to have a pH of <2.0.  If the pH of these samples 
is >2.0 upon receipt, the client must be notified immediately.  Upon client 
approval, the sample should then be adjusted to <2.0. Samples for sulfide 
analysis must have a pH >9. 

3.3.4.4  If a sample is not properly preserved, log-in personnel must either do the 
following: 
3.3.4.4.1 To meet project specific requirements, the client must be 

notified before preserving or adding additional preservative to 
the sample unless otherwise instructed.  If the client instructs 
us to add chemical preservatives to a sample, complete 
traceability of the preservatives used is required. 
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3.3.4.4.2 For other projects it may be acceptable to preserve the sample 
accordingly before the sample is placed in storage.  Complete 
traceability of the preservatives used is required. 

3.3.4.4.3 All metals samples preserved upon receipt must be held 24 
hours before proceeding with analysis. The client must be 
notified to see if the lab is to proceed with analysis. 

3.3.4.5 In some instances it may not be possible to adjust the sample to the proper 
pH due to matrix problems which cause excessive foaming or require an 
unusually large amount of acid.  Do not continue to add acid if a few mL's 
of acid does not lower the pH.  Notify the Project Manager, Metals 
Manager and/or analyst.  They will make the decision if the sample will be 
diluted, not analyzed, etc.  Make sure you note on the cooler receipt form 
and in the LIMS notes that the sample is not at the proper pH as well as 
any useful information (i.e., foaming, strong odor, etc.). 

3.3.4.6 Samples may be generated in the Aquatic Toxicology Laboratories and 
brought directly to Sample Receiving after they are collected but before 
they are preserved.  Log-in personnel must preserve the samples 
accordingly before they are placed in storage.  Complete traceability of the 
preservatives used is required. 

3.3.5 Check to make sure samples are in proper containers and that there is adequate 
volume for all the parameters requested and no leakage. 

3.3.6 If VOA vials are present, each vial must be inverted and checked for head space.  
"Pea-sized" bubbles (i.e. bubbles not exceeding 1/4 inch or 6 mm in diameter) are 
acceptable and should be noted.  Large bubbles or head space is not acceptable 
and this information must be documented on the cooler receipt form.  If this 
occurs, the client must be contacted.  The samples can be analyzed with their 
approval, however the report will be qualified and the data may be questionable.  
All VOA vials will be preserved with Na2S2O3 (0.2g) when chlorine is known to 
be, or suspected to be present. 

3.3.7 All chlorinated effluent samples received for Cyanide must be checked for 
residual chlorine.  The one liter sample container should initially contain 1 to 2g/L 
of Ascorbic Acid. Potassium Iodide starch indicator paper will be used for 
detecting the presence of residual chlorine.  DO NOT PUT THE TEST PAPER 
DIRECTLY INTO THE SAMPLE CONTAINER.  Pour up a small aliquot, 
neutralize, test and dispose of this volume after the sample is checked.  If the test 
paper turns blue, the sample must be treated for residual chlorine.  Add ascorbic 
acid approximately 0.6g at a time and recheck the sample until there is no residual 
chlorine present.  If the sample required this treatment this information must be 
included on the cooler receipt form. This must be done by log-in personnel before 
leaving the receiving area.  It may be necessary to notify the Inorganic Manager 
and/or analyst. 

3.3.8 Be aware of holding time requirements. 
3.4 Notify the proper analyst if samples have been logged in for analyses which have a 24-

48 hour holding time or if a 1-2 day turnaround has been requested. 
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4.0 Sample Storage 
4.1 After samples have been correctly logged in they are then transferred to one of the 

following cold storage areas and arranged in numerical order by the assigned log in/LIMS 
sample number.  Note that aqueous VOC samples must be segregated from all other 
samples. 

4.1.1 The refrigerator in the MS Lab: All aqueous VOC’s must be stored in this 
refrigerator. Storage blanks consisting of organic free water from the laboratory 
may be required for specific projects.  These will be analyzed for VOCs only. 
Storage blanks are required for all DOD projects. 

4.1.2 Walk in Refrigerator: All aqueous samples for all analyses must be stored in this 
refrigerator. 

4.1.3 Soil Walk-In Refrigerator:  All quarantined and non-quarantined soil samples for 
all analyses must be stored in this refrigerator. 

4.1.4 VOC Soil Freezer:  All soil samples requiring VOC analysis with short hold    
prep times (Encores, Organic Free Water Terracores, etc.) must be stored in this 
freezer. 

4.1.5 VOC Dry Storage Rack:  All water VOCs that have exceeded double holding time 
can be stored on this rack.  These samples are stored here segregated alone to 
ensure no cross contamination occurs between VOC samples and other non-VOC 
aqueous samples. 

4.2 Quarantined soils are those quarantined by the US Department of Agriculture.  A separate 
disposal log must be maintained for these soils including the location, date and quantity of 
the soil received and processed.  Soil residues from quarantined samples must be treated 
according to regulations after testing.  Quarantined soils are defined as: 

4.2.1 Soil taken from much of the southeastern US and parts of New York and 
Maryland at a depth of three feet or less.  Soils from three feet or more are not 
regulated provided they are stored separately.   A map of the regulated areas in 
the United States entitled Soil Movement Regulations [Attachment VIII] is 
posted in the log-in room. 

4.2.2 All soils taken from foreign sources, US. Territories and Hawaii. 
NOTE:  All soils are treated as quarantined soils and are disposed of in accordance 
with USDA    regulations. Above for information purposes only. 

4.3 All samples must be stored in one of the four refrigerators detailed above with the 
following exceptions: 

4.3.1 Matrices that may be adversely affected by the cold temperature.  (E.g. surfactant 
samples, multi-phase samples). 

4.3.2 Highly contaminated waste or product type samples that could jeopardize the 
integrity of other samples in the walk in cooler.  Often these can be stored at room 
temperature.  If these require refrigeration see the project manager for other 
options. 

4.4 The temperature of each sample refrigerator must be monitored and recorded each day by 
Wet Chem personnel by the following method. A Mercury thermometer or digital min/max 
thermometer with 1° increments must be used.  Each thermometer must be calibrated 
against a NIST certified thermometer once a year (digital thermometers quarterly) and 
this information recorded in a bound notebook.  The thermometers must be tagged with a 
unique identification, the date calibrated and the correction factor. 
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The tolerance range for all refrigerators is 1 to 6°C.  If the temperature exceeds this range, 
corrective action measures must be put in place immediately. The Wet Chemistry Manager, 
Organic Manager, and Laboratory Director will be notified in order to assess the situation.  
It may be necessary to put a service call in to the refrigeration repair service. 

4.5 All personnel removing samples from any refrigerator must sign them in and out.  This is 
done by completing the Sample Custody Form [Attachment IX] which is attached to the 
door of each refrigerator.  These completed forms are kept on file.  The individual 
performing the processing becomes responsible for the samples at this point.  The samples 
are maintained in the secure possession of the individual processing the samples.  When the 
processing is completed, the samples are returned and signed back into the appropriate 
storage area.  It must be noted if the entire sample volume was used and that the container 
was discarded. 

4.6 The water walk in refrigerator in the sample room is the largest refrigerator and stores a 
large majority of the samples.  A back up compressor is hooked into the system and 
scheduled to automatically come on if the main compressor fails. There is a digital 
min/max thermometer, which monitors the temperature 7 days a week. 

4.7 As stated above the temperatures for all refrigerators that samples are stored are checked 
each day Monday-Friday and monitored seven days a week with min/max thermometers.  
Pay close attention to these readings and watch for signs of possible problems. 

4.8 A temperature maintenance record book is kept for each refrigerator. 
4.9 Samples must be held for a minimum of 30 days after the final report unless specified 

otherwise.  For USACE projects, samples must be held for a minimum of 45 days after the 
final report unless otherwise specified.  See SOP QS14 entitled Analytical Laboratory 
Waste Disposal SOP for guidance on disposal of samples. 
 

5.0 Laboratory Information Management System (LIMS) 
5.1 Log the sample information into the LIMS for each sample.  Every attempt should be made 

to get every sample logged into the LIMS by the end of the day.  All information entered 
should be clearly stated and recorded on the COC provided.  After opening the main menu 
of the LIMS, select the ‘Work Orders’ tab from the ‘Sample Control’ drop down menu.  
Now click on the ‘Add’ button to create a new Work Order.  You will see the following: 

5.1.1 Client: Select the client I.D. by clicking on the pull-down and choosing from the 
client list.  This list is in alphabetical order.  If the desired client is not on the list, 
a new client must be created by the project manager or I.T. director. 

5.1.2 Project: Click on ‘Projects’ and choose the project I.D.  The projects will be client 
specific.  After the project is chosen the “project information” areas should 
populate.  The ‘Project Name,’ ‘Project Number,’ ‘TAT,’ ‘Client Project 
Manager,’ ‘Lab Project Manager,’ and ‘Comments’ information should also 
appear.  If there are no applicable project choices, a project must be created by the 
project manager or I.T. director.  There are two types of projects: 
5.1.2.1 Internal – Empirical Laboratories projects; 
5.1.2.2 External – direct laboratory clients. 

5.1.3 Comments: This area is to be used to note any information from the project 
manager for all work orders of this project.  It can also be used to list any work 
order specific notes; this includes but is not limited to information concerning 
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rush turnaround, deliverables or other QC requirements, analyte concentrations, 
safety issues, quarantined soils, preservation or matrix problems, etc. 

5.1.4 Received By: Enter the name of the person who received the samples. 
5.1.5 Logged In By: Enter the name of the person who logged in the samples. 
5.1.6 Received: Enter the date and time received separated by a space and using 

military time.  Example: 08/02/2008 08:30. 
5.1.7 Project/Package Date Due: After the date and time received have been entered, 

the date due for both of these fields will be calculated.  If this information is not 
correct or needs to be amended later, check with the project manager before doing 
so.   

5.1.8 Shipping Containers: Click on the ‘Coolers’ button and enter the temperature and 
condition upon receipt.  If more than one cooler was received, each cooler must 
be assigned a different name.  For example, if these came in by dedicated courier, 
enter the last four numbers of the Tracking Number as the name.  After all of a 
cooler’s information has been entered (received on ice, where custody seals 
present, preservation confirmed, COC/container labels agree, sample containers 
in-tact) click the ‘Save’ button.  If more than one cooler was received, click the 
‘Add’ button and repeat the process above, then click ‘Done’ after all the coolers’ 
info has been saved. 

5.1.9 COC Number: If an identifiable COC number is listed, record that ID here. 
5.1.10 Shipped By: Enter the courier used to deliver the samples.  If the samples were 

picked up by a lab employee or dropped off by the client/representative, enter 
‘Hand-Delivered.’ 
After these items have been completed, click ‘Save,’ then the ‘Samples’ button 
to continue. To begin entering information for a sample, click the ‘Add’ button 
on the bottom of the Samples screen. 

5.1.11 Sample Name: 
5.1.11.1 Only abbreviate if description is too long for the spaces allotted in 

the LIMS.  This information should come directly from the chain of 
custody. The sample ID entered into the LIMS will be the sample ID on 
the final report. 

5.1.11.2 If no sample ID is provided, or is indistinguishable from other 
samples listed, contact the project manager to ascertain distinction in the 
samples. Include date as part of the description if this is the only way to 
differentiate the samples. 

5.1.11.3 When logging in trip blanks that do not have an ID assigned by the 
client, list them as "Trip Blank # _____".  This information should be on 
the containers.  A log book must be kept in the sample kit room which lists 
all trip blanks and the date they were filled.  This will ensure consistency 
with the descriptions for trip blanks. 

5.1.12 Collection Date: Enter the date and time the sample was collected. You must use 
military time and separate by a space.  Often the time collected is not given.  
Although this is a sampling requirement, this information may not be crucial 
unless a parameter with a short holding time or a data deliverables package is 
required.  In the event that a sample collection time is not listed on the COC or the 
sample container, a default time of 00:00 can be used temporarily until client 
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verification.  Once verified, then the correct sample collection time must be input 
into LIMS.  If the COC and sample containers do not list a collection date and 
time, this must be documented on the cooler receipt form and the project manager 
must be notified.  All attempts should be made to get all our clients to supply this 
information. 

5.1.13 Lab/Report Matrix: Click on pull down and select matrix. Many times it is 
difficult to discern the matrix if it is not specified on the COC, and log-in 
personnel must use their best judgment with regard to analytes/methods 
requested.  Keep in mind that the detection limits and units on the LIMS reports 
are linked to the matrix.  In some cases it may be necessary to ask the Section 
Managers about the matrix selection.  Log-in may do a dilution test to distinguish 
water samples from oil samples if the COC does not clarify a sample matrix if 
need be. 

5.1.14 Sample Type: This is used to differentiate between special types of samples (i.e. 
Field Duplicates, Equipment Blanks, Trip Blanks, etc.).  If there is no definite 
way to determine that a sample should be classified as something else, then 
“SAMP-Client Sample” will be selected as the sample type.  Do not list a sample 
as anything other than a Client Sample unless noted on the COC of are instructed 
by the client to do so. 

5.1.15 Container: Click on the drop down list and select the appropriate bottle type.  If 
multiple bottles are received for the same sample, move down to the next line and 
select all other containers as required.  Repeat this process until all containers for 
the sample are listed.  As each container is entered, an individual number is 
assigned to it by the LIMS system.  This number is also listed on the container 
labels that are printed from the LIMS, and is placed on the corresponding bottle 
for container tracking purposes. 

5.1.16 pH (Container Preservative): Use this to document the pH check information 
taken during sample unpacking.  If no preservative was used, then nothing is 
required in this field. 

5.1.17 Comments: Enter any information that is applicable at the sample level. 
5.1.18 Field Analysis: Click on field analysis tab and enter field information when 

provided. 
5.1.19 Work Analyses: Select all parameters requested for the sample from this list. 

5.1.19.1 If the required test code is not listed, and the sample matrix is not a 
contributing factor, click the Work Analyses tab to open the All Analyses 
list.  When selecting from this expanded list, be careful to select the proper 
method as all methods available for the current matrix will be selectable. 

5.1.19.2 If any analyses are selected from the All Analyses list, the project 
manager in charge should be notified so that the correctness of methods 
and pricing can be checked and updated as needed. 

5.1.19.3 All preparation codes for analytes are entered and stored by the 
system independently of the test codes selected, except in the cases of Dry 
Weight analysis, and TCLP/SPLP preparation (tumbling).  In the case of 
the TCLP/SPLP prep codes, these are entered alongside the other required 
analyses automatically by the LIMS when a TCLP/SPLP analyte is 
selected.  As for Dry Weight, it is required for all solids testing except in 
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the cases of TCLP/SPLP analysis, Explosives only analysis, and/or any 
pure product/non-soil based sample when specified by the client. 

5.1.20 Analyses Comments: These comments should be used for any notes that only 
apply to that particular test code. 

5.1.21 RTAT: If the Rush Turn-Around Time for this sample is known at the time of 
log-in, this information should be updated here. 

5.1.22 Save: Once all applicable information is entered for a sample, click the save 
button.  At this time the LIMS applies the Laboratory Sample ID to the sample.  
This is a four part ID code composed of the following: 
5.1.22.1 A 2-digit numeral of the year. Example (0811248-06). 
5.1.22.2 A 2-digit numeral of the month.  Example (0811248-06). 
5.1.22.3 A 3-digit numeral of the work order number.  This number reset to 

001 at the beginning of each month.  Example (0811248-06). 
5.1.22.4 A 2-digit numeral of the sample number separated by a dash. 

Example (0811248-06). This number is different for each sample in a 
work order. 

5.1.23 Add/Edit/Copy: Use these selections to add more samples to the work order, or to 
change existing information prior to label printing. 
 
Once all the tests have been selected and all samples have been added in the 
work order, a work order summary and all container labels are printed.  Labels 
are checked for accuracy against the containers while being labeled. At this 
point log-in of this group of samples is complete. 

  
5.2 After log-in of a work order is complete, the COC can then be scanned into the system and 

attached to the work order on the Work Order screen. The work order then must be updated 
to Available status so as to be seen by the analysts. 
 

6.0 Daily Follow Up for Sample Receiving/Log In  
6.1 Wipe out the inside of coolers and return all Empirical Laboratories coolers to the sample 

kit room. 
6.2 At the end of the day organize all paperwork received and generated for the day.  The 

following should be given to the Project Managers: 
6.2.1 The original chains of custody and yellow original or copy of each.  The Cooler 

Receipt Forms will accompany the COC for the project. 
6.2.2 Any information (letters, regulatory limits, etc.) from a client which was received 

with any samples. 
6.3 All the above information from the day will be reviewed as soon as possible. 

6.3.1 If any corrections or changes are required, all laboratory personnel will be 
notified by distributing a Sample Log Change Form [Attachment XIII] through 
email distribution.  A Sample Log Change Form by the project manager will also 
be sent out if a client adds or deletes any parameters, changes sample IDs, etc. 

6.4 Sample Receiving will distribute the following to the appropriate laboratory personnel: 
6.4.1 Copies of the LIMS receiving reports to necessary laboratory personnel. 
6.4.2 Original (white copy) chains of custody are given to the project manager. 
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6.4.3 Copies of any project/sample specific information to the Section Manager and 
analysts. 

6.5 Information will be filed as follows: 
6.5.1 Chains of custody: 

6.5.1.1 Original (white copy) is returned to the customer with the final report 
along with the CRF. 

6.5.1.2 Pink copies should be retained by the sampler. 
6.5.2 Sample Log Change Forms 

6.5.2.1 Sample Log Change Forms are distributed through email to all laboratory 
personnel. 
 

7.0 Miscellaneous 
7.1 All projects which require deliverables or other QC requirements should be listed in the 

notes section of the LIMS. 
7.2 If samples are received from a new client or a new job number that is not in the LIMS, a 

new client code must be set up. This information should be on the chain of custody or it 
may be necessary to contact the customer if the information is incomplete. 

7.3 Samples from the Aquatic Toxicity Laboratory (ATL) are logged into the LIMS for billing 
and long-term tracking purposes.  The receiving information and proper assignment of tests 
are reviewed by the ATL manager.  The samples are then logged in by ATL personnel. 

7.4 All log books used in the Sample Receiving and Sample Storage Areas are numbered.  The 
following log books are presently maintained.  All log books must be "Z"ed out.  The 
Sample Receiving Group Leader will review the log books each week to check for 
completeness. 
 
Log Book ID 
 

Log Book Description 

LI014 Trip Blank Prep Log Book 
LI009 Tracking of VOC Trip Blanks Shipped 
LI011 Quarantined Soil Treatment Log Book 
LI012 Acid Neutralization Log Book 
LI015 Sample Receiving and Disposal Log Book 
LI010 Kit Room Preservation Preparation Log Book 

 
8.0 Sample Storage, Secure Areas and Sample Custody 

8.1 Empirical Laboratories, LLC is located at 621 Mainstream Dr. suite 270 Nashville, TN 
37228 on the first floor. This building is locked and monitored by an alarm system after 
normal business hours.  No unauthorized personnel are permitted within the facility without 
a proper escort and a visitor’s badge.  During non business hours, all doors to the building 
are locked and secured by an alarm system.  All front and back doors are locked and only 
Empirical Laboratories, LLC personnel have a key to access the building. Upon unlocking 
the door and entering into the laboratory, then the employee is to deactivate the alarm 
system using the assigned 4 digit alarm code assigned to them by Human Resources.  Each 
employee is assigned their own designated alarm code, with no code being assigned twice. 
There is a buzzer at the door to Login to allow entry for sample and supply deliveries. 
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8.2 Log-in is also responsible for maintaining a Sample Receiving Custody and Disposal Form 
for samples received.  This form is to be filled out before the actual disposing of any 
sample in house.  Once the document is complete, the original will be kept on file.  The 
following information must be logged onto this form: 

8.2.1 Client and Log #s 
8.2.2 Date/Time Unpacked 
8.2.3 Logged In/Numbered By (Initials) 
8.2.4 2nd Checked By (Initials) 
8.2.5 Date/Time Placed in Cold Storage 
8.2.6 Storage Area (Walk In, Blue Air-VOCs, Quarantined Soils, Quarantined-VOC, 

Other) 
8.2.7 Disposed of By/Date 
8.2.8 Method of Disposal 

8.3 Sample extracts and digestates are stored in the following areas: 
8.3.1 All metals digestates are stored in the metals instrument laboratory.  The transfer 

from the digestion analysts to the ICAP analysts is documented in the metals 
digestion log book. 

8.3.2 Non - ZHE TCLP extracts are returned to the refrigerator in which the original 
samples are stored.  For ZHE samples, the extract is returned to the refrigerator in 
which the original VOC sample containers are stored. 

8.3.3 Extracts from medium level VOC analyses are also stored in the Soil Walk – in or 
VOC sample freezer in the VOC Lab. 

8.3.4 All Organic extracts are stored in a Beverage Air side by side refrigerator in the 
organic extraction laboratory. 

8.4 The generation of all sample extracts/digests and their movement through the laboratory 
will also be tracked on a laboratory custody sheet or in a log book.  The individual 
performing the processing becomes responsible for the samples at this point.  The samples 
are maintained in the secure possession of the individual processing the samples.  When the 
processing is completed, the extracts are returned and signed back into the appropriate 
storage area.  The metals digestates are not removed from the metals instrument laboratory. 
 
After the analytical results have been reported, the original samples, sample extracts, and 
digestates will remain in secure storage until they are disposed of in accordance with the 
Waste Disposal Standard Operating Procedure (SOP QS14).   
 
The following personnel as of September 1st, 2010 have access to all sample storage areas: 

 

                        Amy Barnett    Antonio Monteiro 

   Betty Deville    Brian Richard 

   Chase Block    Christy Thompson 

   Crystal Brand    Dahae Kim 

    Christine Gramada   Delia Weber 

   Eric Coburn    Franklin Rivers  
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   Gary Quick    Gwen Hallquist 

   Herbie Johnson   Jade Holliman  

   Jessica Sales    Karu Huka 

   Kendra Gentry    Marcia McGinnity 

   Margarett Pitt    Mark Cobb 

   Melanie Sams    Melynda Nelson  

   Penny Cormier   Rachael Mahan 

   Randy Ward    Renee Vogel 

   Rick Davis    Roger Burr 

   Russell Townsend   Sonya Gordon  

   Veronica Mullen   William Lancaster  

   William Schwab   Sabina Kemp         

       In the event that an employee is terminated, the supervisor is responsible for collecting the 
employee’s keys. 

 
9.0 Sample Custodian’s Duties and Responsibilities 

9.1 The Sample Custodian is responsible for the receiving; log in, tracking and disposal of all 
samples.  The duties of this position are performed by the persons in the sample receiving 
section of the laboratory.  These individuals are the primary custodian, secondary custodian 
and section supervisor.  Although other laboratory personnel may assist with the duties, this 
is done under supervision and direction of one of the three individuals listed above.  The 
sample custodians are responsible for the following: 

9.1.1 Receive all samples for the analytical laboratory and maintain chain of custody.  
This includes documenting the validated time/date of receipt. 

9.1.2 Maintain the flow of samples through the log in process and make them available 
to the analysts on a timely manner.  This includes prioritizing samples/projects 
based on turnaround requests and holding times. 

9.1.3 Assign the correct laboratory ID sample numbers and validate that this 
information is properly labeled on the containers and entered into the Laboratory 
Information Management System (LIMS). 

9.1.4 Validate that every sample proceed through all steps of the log in process.  This 
includes checking the following to determine that the sample integrity has been 
upheld from the time the sample is collected until it is received in the laboratory:  
proper containers with ample sample volume, correct preservation, sample 
dates/times to ensure that holding times can be met, condition of the sample 
containers, headspace of vials for VOC analysis, sample ID discrepancies and 
completeness of the chain of custody.  

9.1.5 Communicate any information or specific requests by the client that are listed on 
the chain of custody, i.e., method information, detection limits, specific analytes, 
reporting information, turnaround information, potential hazards etc.  They are 
also responsible for forwarding any additional information that may be received 
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along with the samples, i.e. permit or regulatory information, letters, etc. to the 
laboratory managers. 

9.1.6 The sample custodian is personally responsible for continuing to uphold the 
sample integrity throughout the log in procedure and until the time when the 
samples are properly stored and disposed. 

9.1.7 Ensure that samples are transferred into the proper storage area and that these 
secure areas are locked after hours. 

9.1.8 Maintain all log books used in the section.  These must be kept up to date, 
complete, neat and orderly.  

9.1.9 Maintain the sample receiving and sample disposal areas in a clean, orderly and 
safe manner. 

9.1.10 Follow good laboratory practices and safety procedures. 
9.1.11 Communicate all problems, discrepancies, etc. to the section supervisor and 

laboratory Director. 
9.1.12 In situations where the client cannot be contacted, the sample custodian along 

with the section supervisor must apply the best judgment on how to handle the 
samples or situation. 

9.1.13 Complete all the necessary paperwork and section forms including Cooler Receipt 
Forms, LIMS daily print outs, Sample Receiving Custody and Disposal Form, etc. 
in a timely manner.   

9.1.14 Dispose of all samples in a manner that is safe, cost efficient, timely, meets 
project requirements and is in accordance with hazardous waste regulations. 

9.1.15 The sample custodian(s) are responsible for compliance of all procedures outlined 
in this SOP and the following SOPs.  They must maintain personal copies of each 
SOP: 
9.1.15.1 SOP QS10    Laboratory Sample Receiving, Login and Storage 
9.1.15.2 SOP QS14    Analytical Laboratory Waste Disposal 
9.1.15.3 SOP QS11    Field Sampling & Bottle Kit Preparation 

 
10.0 Procedure for Treatment of Soil Samples from Quarantined Areas 

10.1 This summary is to explain the handling and treatment of soil samples that come from 
USDA quarantined areas of the United States, territories of the United States and foreign 
sources. This treatment is done to prevent the spread of pests to other areas. 

10.1.1 When soil samples are ready for disposal, separate out soils that are from 
quarantined areas that need to be treated. Quarantined areas are from the southern 
United States (see attached maps), from United States territories such as Puerto 
Rico, and from foreign countries. 

10.1.2 Only quarantined non-hazardous soil samples with containers that are less than 
three feet in depth will be treated by this procedure. Hazardous samples will have 
to be treated differently. A list of samples to be treated will be determined by the 
login supervisor. 

10.1.3 Log the samples to be treated in the Soil Treatment Logbook as to location, date, 
and quantity. 

10.1.4 Turn the oven on. Place soil samples in their containers uncovered in the oven. 
After oven reaches 121°, heat samples for 2 hours. Treat container liners too. 
When time is up, remove soil samples with gloves or tongs and cool. 
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10.1.5 After samples have cooled, put them in the non-hazardous soil barrel for disposal. 
 

11.0 Subcontracting Laboratory Samples 
11.1 Sample receiving is responsible for handling all aspects of shipment of subcontracted 

samples.  Once samples have been confirmed as sub-outs, login then notifies the project 
manager that subout samples are in house.  The project manager then generates a purchase 
order number for the specific subout samples.  Once the purchase order is generated by the 
project manager, then login prints out a subcontracted chain of custody from LIMS that 
will accompany the subout samples during transit.  Then login packs up the samples into a 
cooler, ices them down (if necessary) to keep the samples chilled during transit, and then 
the cooler is shipped to the subcontracted laboratory. 

11.2 Chain of Custody/Shipping Requirements 
11.2.1 When the samples are sent out, a completed chain of custody must be sent with 

the samples.  Make sure to include the following information: 
11.2.1.1 Be specific in your analyses request.  List the method number if 

applicable and/or any specific analytes required.  This should already have 
been discussed with the laboratory. 

11.2.1.2 List the name of sub contract laboratory and the date shipped or 
delivered. 

11.2.1.3 List the Empirical Laboratories; LLC LIMS log # as the sample 
description on the chain of custody.  Do not list the actual client name or 
actual project information. 

11.2.1.4 Record the date and time that the samples were sampled on the 
chain of custody. 

11.2.1.5 Results and invoice should be sent to the project manager. 
11.2.2 Two copies of the sub contract chain of custody should be retained.  One copy 

should be stapled to the original chain of custody received from the client and the 
other should be stapled to the copy in log in. 

11.2.3 Make sure samples are packed well so they will not break or spill in shipment. Ice 
must be packed in the cooler to keep the samples cold if chilling is required. 

11.2.4 A P.O. must be completed and approved by the project manager prior to sample 
shipment.  Sample receiving should then keep a copy of this P.O. for their 
records.  
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Attachments to QS10 
 
I   Chain of Custody Record 
IV   Cooler Receipt Form  
V   List of Short Holding Time Parameters 
VII  Sample Receiving Custody and Disposal Form 
VIII  Map of Quarantined Soil Areas in the U.S. 
IX   Laboratory Sample Custody Form for Walk in Refrigerator 
X   Container Codes for the LIMS 
XIII  Sample Log Change Form (Green Sheet) 
 
 
[Attachments II, III, VI, XI, XII, and XIV were removed during the editing process and not added to the 
QS.] 
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AttlCM .. nll 

EMPIRICAL LABORATORIES, LLC • CHAIN OF CUSTODY RECORD 
SHIP TO: 117 French undmg Drive, Suite 550. Na.hvilla, TN 37228.615-345-1115. (faxt 615-8<46..5426 

Send Results to: Send Invoice to: Anal sis Re uirements : Lab Use Onlv: 

Name Name VOA Headspace y N NA 
Company Company Field Filtered y N NA 
Address Address Correct Containers Y N NA 

City C'Y Discrepancies Y N NA 

Siale, Zip Siale, Zip Cusl. Seals intact Y N NA 

Phone Phone Containers Inlact Y N NA 

Fa> Fax 
E-mail E-mail AiJbih . : 

Project NoJName: S~mplers tSignature) : CAR #: 

tab u. (01)' Oatemme Sample 
.... "'""'_ lao. S.mpled Sample De5aiptlon 

".~ 
"""~. .. Cort.lnersIP",," ...... 

SlIlIple Kl P'ep"d by: (Sigf\3tunl) " .. ""',, Received By: (SIgI\8UJr11) REMARKS: Details: 

Page __ 01 
RellllqOJl$ hed try: (Sign3Wre) OIlaIT"mfl Re..eived Il f (Sign.IV,.) 

Cooler No" __ "' __ 

~linquislll!d try" (Sig!>'Me) OIlelTme ~ Ily: (Signalur.) Da18 Shipped 

~fot"l.aootatotyby: (Signal ..... ) DllelTme 
Shipped By 

Tampenorure . 
Tumatound 

ni~ • • " h .. i"""" On";"II1 arwl vAilr ..... mn' .. ; .... :Nvnn"nll AAm ...... ,;hlnrn...u It> bot.Or..l"",--:--Plnk ... I"in,..-l tw ",.,.,nlll.,; 

Attl CM tMntl 

EMPIRICAL LABORATORIES, LLC • CHAIN OF CUSTODY RECORD 
SHIP TO: 227 Fntnch Landm; Drive, Suite 550. N •• hyiUe, TN 37228.615-345-1115. (fax) 615-846-5426 

Send Results to: Send Invoice to: Ana sis R. uirements: Lab Use Onl : 

Name Name VOA Headspace y N NA 
Company Company Fiekl Filtered y N NA 

Address Address Correct Containers Y N NA 
City C~ DisCfepancJes Y N NA 
State, Zip State, Zip Cus t. Seals Intacl Y N NA 
Phone Phone Containers Intact Y N NA 
Fa> Fa, 
E-mail E-mail Airtllll': 

Project NoJName: S~mpler's ISigniiture): CAR#: 

lllb Uw Only Oatemme Sample 
No. 

'" ""'-l ab ll Sim pled 
Sample Oescriptlon 

"~ 
"""~. .. COf!IllnersIPf1Il, "' .. , 

Sample Kl Pref)'d by: (Signalu~) 0".,...,,. Received 6,: (Signatln) REMARKS: Detlils: 

Relll'tql.lls OOd by: (Sign.lyre) Dllatrome Rec:eivt!d 61 (SignaIYre) 
P .. , __ ol 

Cooler No, --01 --
R<tlinqtJitl'led by' (Signatu'e) Ol lolTme ~ 8,: (Signalul'll! Dille Shipped 

RfKJeiwXIb' Laootatoty br (Signal"",) ",wr_ 
Shipped By '--. 
TumatollOd 

1)I~lrih .. Iinr>' nrinilUll . no1 vAllnw rnnI_ ;O .............. n" AAm",," .;tli.........m It> Iooh<molnnl ' Pink .... 1";" hv "lVfInlA'~ 
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Attachment IV 

EMPIRICAl. L.Umv.TORI£.S 
COOLER REeEirY FORM 

I.IMS Nllmber; ___________ _ NUmbn"ofCooleNl ; ____ 0' ____ _ 
Cli~nl; ______________ _ Projel:lc ________ _______ _ 

DalefI'ime Received; Dale eootel'{s) opened; 

Opened By (pritll): (siCf'alUre): ___________ _ 

L Bow did !he samples ..mve1: '''''' UPS OHL 

EL Courier Olil(r: 

Ifapplicable, t nler aitbltl number here: _______________________ _ 

2. Were custOdy ~s on OI.Iuick ufeooh:r(s)1 ... ~_.~ ... ~ ..•.....•. ~~._ •.... __ .. _ V~ .. 
Howmally: ____ ___ s.t..1 dille' _ ______ ___ __ _ SCIJ In itials: 

l . Were custody seals unbroken WId jlll.8Cl 81 the date IUId lime orarri~~1 V~ Ho NIA 

4. Were <1I.ludy p.;ape .. $elIlcd irl ll plaslic bag indudrd In the sample cooler7 _ •..... _ V« Ho HIA 

S. Were (IIS1Ody p.1per$IiUcd 0111 properly (inJt.lig.ned. ClC. )? ........................... .. Va No NtA 

6, Did you sign. c:u.'<;uMly 1Nlpe1'S in the appropriate pillee for acceptance'! ......... ., .... . Va Ho NlA 

1. w .. ~ proj«1 identifilOble from custody ~ ............ , .............................. . V~ N. NIA 

3. If",quircd, .. .-as enough ice presenl ln the coolcr{s)? .. ....... .. ... ....................... . Va No HIA 

Type "fCoola.nl: WET ORV BLUE NO:>lE Tcmpmtture of samplu upon Receipt: ____ < 

9. initial !hi.. form to a<:t nowlcdte login ofS.lmplc(~): (Name): (lnitial}:, ___ _ 

10. WeN! ~I boUle lids inlM."t aad :;calcd lidltly? ............ . Va No NfA 

11. Did.U boltleJ arrive unbroken? ...................... .. .. V" No NIA 

12. Was all required boUle "'bel infomtltion complete? ... V" No NIA 

n. DHJ all bonlc Labels '-&lee wi!h tu§tody papcrs'1 ... .................................... .. V" No 

14. Wac conM wnllincIJ used for the anaIysa indialcd7 .................. ........... . y~ No !>:fA 

15. W~ ~;YC levels «IOT«t ;" all applicable ....,.,pl. """,o.olncN? ............. . Y •• N. "'A 
16 Was residual c~ lorinc present in My applicable sample con!aintr$? ............... .. Va N. NIA 

17. Wu suflkient amount or S&Il\ple sen! fot the an.aIYHS Rq •• ircd? .... ............. , .. . V« Ho NlA 

III. Wu~ pres.en! In any included VOI\ vials1 ...... ~ .. _ .... _ .. __ .... _ ........ _ Va No HIA 

'fNOI'I.(:Qnform.ll>U issuu Wtft pre5mt.lig by sample 10 ; _____ ______ _ ____ _ 

CA.RI ~ 

L\lrlRICAL LA_ORATORIES 
COOLER RI:CEIPT FORM 

LIMS Numbef: ______ _ _ __ _ Nwnbc'ro(Coolcn: ____ ,r ___ _ 
Clirnt: ____________ _ p..,jcc:t; ___ _______ _____ _ 

(Iipuure)! __________ _ 

'ol'" UPS OHL 

EL Courlr.r Olh<r: 

Irapplicable. cnln llillli!! number here: ____ ____________ _______ _ 

2. Were cuSlOd)' ~, on OIIIJidc ofoookr(Ii)'1 . __ .~._~._. ____ •• _ N, 

HowTllllnr. ______ SelJ<Wc:. _ __________ Se:r.l lnltl.Is; ____ _ 

l . Wen aI5IOdy _l~ IInbrolt:eII Mod j,,1aCI II tile dale aM tl1l)l: ofa:rival? •• •..• ...•••.. Ves N, 

t . W~ ~\$Udy p.1IXI'):IC&lcd in I plastic: bq included 1.1hc $IIIlplc cooler7 Yes N, 

S. WMcflIody ~ filled OIIlpropcrl,. rlflk.1igned., dC.)'I •.••.•••••• ••.••.. ~ ....... _ Va 

I . Did you sian aiSIOd)' pipCl"$ln the IfIPI'lPriale place ro,~ .. ............. _ Ves N, 

7 WI$ projtcc idetltir~lt from ~ody ~ ....................................... ... Ves N, 

I . IflUlUind, .... as.:nOUlh let: present in 1M cooIer(,)? .............................. ~ .... _.. YC5 N, 

.fA 

NfA 

HlA 

NlA 

HlA 

NIA 

DRV BLUE l-IO:.lE T'Cmpo:nNlC o(Samplu upon Receipt. ____ "" 

II. initial thill form 10 .:knowlcd&e Io&in orsamplc('); (Name)' (lnillJl): 

10. WCN.U boule lid!. inL..:t tt>d :;c~1cd lidll ly? ................... ....... ................... .. V~ No N/A 

11 Oid.U bollia Imvc unbroken? ............... .. ............. ...... ...... ........... ,. ... .. Va N, NIA 

12, W.., , II ~uitcd bottle 111M' inform ation romplrtt1 ................................... . Va No NIA 

I) . DMJ ali bonle 1*1, qrecl with tllSlody papcn'1 ........................................ . Va N, "'A 

Va N, NI .... 

IS, w_ ~_I&"" com:c . .... 11 iOpPllablc. ...... ple con ...... ..st .............. . VQ No ",A 

16 w.., fu:iduaI d1lorinc prqent in lilly applicable iII/IlPlecoof.liners? ............... . Vn No I'JA 

11. Wa II.I.mdclIl amGI.I.III. o(s&mpk ICDI for tho: anaIpa mjlliml'/ .................. .. Va N, "'A 

II. Wa~ pKSeIl in any ilKludcd VOII .. iab1 ...... _ .. _ .. , Va N, I'JA 

IfNa..-e ... r_ ~ ..... en presmr, IiQ b)' .-npk: 10' ________________ _ 

CAR': 
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• 

• 

• 

Short Holding Time Parameters 

(Immediate-72 hours) 

Parameter Hol<linl1 Time 

IpH Immediate a 
Sulfite Immediate a 
Temperature Immediate a 
Residual Chlorine Immediate a 

" 

Coliform (Fecal and Total) 6 hours 
RCRA/WW 

Hexavalent Chromium (er +e) 24 hours 
Odor 24 hours 
Coliform (Fecal and Total) 30 hours 
DrinkiM Water only 

BOD 48 heuI'!! 
Color 48 hours 
Settleable Solids 48 hours 

MBAS 48 hours 
Orthophosphate 48 hours 

Turbiditv 48 hours 
Nitrite 48 hours 

Flashpoint 72 hours b 

8 Immediate generally Dleans within 15 minutes of sample collection- . 

b 'J'hls is an internal bolding time: The method does Dot specify a 
holding time . 

.. 

• 

• 

• 

Short Holding Time Parameters 

(Immediate-72 hours) 

Parameter Holdiru! Time 

pH Immediate a 
Sulfite Immediate a 
Temoerature Immediate a 
Residual ChJorine Immediate a 

" 

Coliform <Fe<aI and Total) 6 hours 
RCRNWW 

Hexavalent Chromium (Cr +6) 24houTS 
Odor 24 houl'! 
Coliform <Fecal and Total) 30 houns 
DrinkinR Wai~r onl-y 

BOD 48 houl'll 
Color 48 hours 
Settleable Solid. 48 houns 

MBAS 48 hours 
Orthophosphate 48 hours 

Turbidity 48 hours 
Nitrite 48 hours 

FJash!>Q;nt 72 hours b 

a Immediate generally means within 15 minutel of sample collection

b ThIs is an internal bolding tirne.· The method does Dot specify a 
holding time. 
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Attachment IX 

...... ,. ...... 
l.ABORATORY 

WALK-IN REFRIGERATOR 

Samplt Lo,,, (.) TlmeIDaleIJfllllalt Tlmrt1)alt/lflll l.1t NOIQ/ Tuk 
R~mond RIlll'lnd ( N(lI¢1all CO ..... tflb Pufor"," 

Salll II UHd 

S.mplt w," (.) 

Attachment IX 

LABORATORY SAMPt.E CU~"OOY FORM 
WALK-IN R£FRIGERATOR 

TlmcID.lellfll1I.b ThlitmalcJJfllllab f'rloiCII 
R~,"01cd R.tu nud ( NUlt if aU Co ...... nb 

SooIllP" UHd 

. 

Tuk 
Prrfor"'" 
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Preservatives Types of Container 
NI HN03 A I LITER - PLASTiC 
NF HN03 (Filtered) B 500 mL - PLASTIC 
SU H2SO4 C 250 mL - PLASTIC 
SH NoOH D 120mL -PLASTiC 
ZN ZnAC I NaOH EN ENCOREPAK 
HV HCI F I UTER - GLASS CLEAR WIDE MOUTH 

G I LITER - GLASS CLM R BOSTON ROUND 
H I LITER - GLASS AMBER 
I 250 ml. - AMBER 

J VOA VIALS - (40 mi.) 
K 500 mi . . 160z 

, L 250 ml. - (8 uz) 
M 125 mi. - (4 ozi 
N 60 ml. - (2 oz 
0 OTHER 
p PLASTIC BAG·) Gallon 

Preservalives Types of Conlainer 
N I HN03 A I LITER - PLASTIC 
NF HN03 (Filtered) B 500 noL - PLASTIC 
5U H2SO4 C 250 mL - PLASTIC 
5H N.OH D 120 rn.L - PLASnC 
ZN ZnAC I NaOH EN ENCOREPAK 
HY HCI F I LITER - GLASS CLEAR WIDE MOUTH 

G I LITER - GLASS CLEAR BOSTON ROUND 
H I LITER - GLASS AMBER 
I 250 mi. - AMBER 
J VOA VIALS - (40 mi.) 
K JOOml. - (J6oz) 

, L 250 mi. - (8 (JZ 

M 125mL - (4uz) 
N 60 mI. - (2oz 
0 OTHER 
p PLASTIC BAG -/ Gaf/on 
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Attachment Xlll 

SAMPLE LOG CHANGE FORM 

DATE: 

Workorder: 

CLIENT: 

PARAMETERS: 

Attach ment XIlJ 

SAMPLE LOG CHANGE FORM 

DATE: 

Workorder: 

CLIENT: 

PARAMETERS: 



EMPIRICAL LABORATORIES, LLC 
STANDARD OPERATING PROCEDURE 

QUALITY SYSTEMS: QS14 REVISION #: 06 EFFECTIVE DATE: 20100831 

ANALYTICAL LABORATORY WASTE DISPOSAL 

APPROVALS: 

Date: '1/ I?/ 10 ---
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Changes to this Revision – R06 08/31/2010 
 

• Revision to SOP405 R05 dated 6/23/2009. 
• Changed the document control and named this as QS14 R06. 
• Minor cosmetic/grammatical changes made. 
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Analytical Laboratory Waste Disposal 
Standard Operating Procedure  

 
I. SCOPE AND APPLICATION: 
 

Laboratory waste includes excess client sample waste and waste that is generated while 
performing an array of analytical services, some of which are hazardous.  These wastes 
must be disposed of in a manner that is safe, cost efficient and in accordance with 
hazardous waste regulations. 

 
A.  Wastes can be broken down into the following categories: 

  1. Unused portions of actual samples received from outside clients  
   a. Unused aliquots of completed water samples 
   b. Unused aliquots of completed non-aqueous samples 
  2. Soils from quarantined areas 
  3. All other soils, sediments, building debris, wipes, oils, etc. 

4. Hazardous waste generated within the laboratory as part of numerous 
analytical procedures. 

 
II.  SUMMARY OF PROCEDURES: 
 

A. There are four options for disposing of unused sample portions: 
1. Return completed samples and any generated waste from these samples to 

the client 
2. Disposal of samples after confirming that they are non-hazardous. 
3. Disposal through a waste vendor in either a sealed drum or lab pack.   
4. Treat the sample to make it non-hazardous and dispose of it as such.  

(Aqueous pH neutralization only.) 
 

B. There are two options for disposing of laboratory generated waste: 
1. Disposal through a waste vendor in either a sealed drum or lab pack.  This 

is normally done twice a year.  The waste must be stored properly until 
transported off site.   

2. Treat the waste to make it non-hazardous and dispose of it as such.  
(Aqueous pH  neutralization only.) 

 
III. EQUIPMENT/APPARATUS: 
 

A. Proper safety equipment should be in good working condition.  This includes 
gloves, lab coats, safety glasses/goggles, and face shields. Voluntary use of 
cartridge respirators is allowed (see area manager or QAO). 

 
B. USDOT approved drums for storing and shipping hazardous waste. 
 
C. Fume hoods. 
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IV. PROCEDURE 
 

Waste disposal is done under the management and coordination of the Sample Receiving 
Manager, Section Managers and the Safety Coordinator. 

  
A. Disposal of completed aqueous samples: 

Completed samples are kept in cold storage for a minimum of 45 days from 
receipt and sample extracts are held for 90 days minimum from receipt.  
Engineering support projects involving CLP work, litigation cases, etc. may be 
saved for longer than three weeks at the request of the project manager.   
 
No samples should be disposed of without approval from the responsible area 
manager or analyst.  At this point, the area manager and/or analyst will 
communicate information about samples deemed as hazardous.     

 
1. The majority of the water samples (ground, surface and drinking) is non-

hazardous and is disposed of by pouring them down the sink. 
a. This must be done under the hooded area located near the sink in 

sample receiving.  Make sure that the sash is closed far enough to 
produce sufficient ventilation.  The tap water should be turned on 
to supply copious wash for sample disposal. 

b. Proper safety equipment must be used including safety glasses 
(face shield if necessary), lab coat, and gloves. 

C. Be alert to potential problems: for example, separate Cyanide 
waste from acid waste.  Neutralize acid waste that will be 
poured down the drain and don't mix waste/samples thought to 
contain Cyanide with samples that are acidified. Also, look for 
things such as phase separation, odd color, odor, etc.  Check 
with the area manager or Safety Coordinator before disposing 
of any questionable samples.   

d. Tap water must be running when samples are poured out for 
approximately 10 minutes in order for sufficient flushing and 
dilution to take place.   

e. All containers must be rinsed out and thrown into the trash. 
f. All samples disposed of in this manner must be documented in the 

bound sample disposal logbook.  
 

2. If water samples are hazardous (known or suspected), one of the following 
steps must be taken: 
a.  Samples may be returned to the client.  If you plan to ship the 

unused portion back to the client, check with shipping and 
receiving to make sure that the material can be shipped in 
accordance with USDOT regulations. If the samples are not 
returned to the client they must be stored properly until picked 
up by a waste vendor. 
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b. Treat the sample to make it non-hazardous.  One example of this is 
if the sample is highly corrosive, the pH may be adjusted. 

c. Store the sample properly until either a sealed drum or lab pack is 
sent out.   

d. All samples disposed of in this manner must be documented in the 
bound sample disposal logbook. 

 
B. Disposal of completed non-aqueous samples: 

The majority of non-aqueous samples are soils and sediments. Although there 
may also be building debris, wipes, oils, and occasionally product type samples. 

1. If samples are non-hazardous, they are placed in a sealed drum and 
destroyed.  On specific projects we may also opt to return the 
unused portions to the client even if they are non-hazardous. 

2. If non-aqueous samples are hazardous (known or suspected), one 
of the following steps must be taken. 
a. Samples may be returned to the client.  If you plan to ship 

the unused portion back to the client, check with shipping 
and receiving to make sure that the material can be shipped 
in accordance with USDOT regulations.  If the samples 
are not returned to the client they must be stored 
properly until picked up by a waste vender. 

b. Store the sample properly until a lab pack is sent out. 
3. Soil samples taken at a depth of three feet or less from areas, 

which have been quarantined by the US Department of Agriculture 
(USDA), must first be treated at the laboratory to prevent the 
spread of any plant pests.  The USDA has detailed proper 
treatment procedures of which we use the following: 
a. The sample is heated to 180°C (356°F) in a vented oven for 

two hours. 
b. After heating the samples they are removed from the oven 

to cool and then placed in a sealed drum and destroyed. 
4.  Once the samples have undergone treatment they can then be disposed 

of by one of the procedures for non-aqueous samples.  All samples 
disposed of in this manner must be documented in both the 
bound sample receiving disposal logbook, and soil quarantine 
logbook with the following information: 
a. Client 
b. Work Order/Sample #s (from LIMS) 
c. Date(s) treated 
d. How much sample volume (in ounces) was treated 

 
C. Disposal of laboratory generated waste: 

Generated waste is stored outside the building until a waste pick up occurs.  This 
area must be maintained properly.   

 
1. Waste handling and disposal within each laboratory section: 
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NOTE:  Each laboratory analyst and section manager is responsible in 
assuring that handling operations (within their area) are being followed 
according to the laboratory requirements.   

  
a. General Chemistry/Inorganic 

Each analyst performing specific laboratory tests that 
generates waste is responsible to handle and dispose of the 
waste in a safe manner and under the guidelines listed 
below.  If you have any questions left unanswered 
regarding waste disposal within your specific area contact 
the inorganic manager or the safety coordinator. 
• Concentrated acid waste, (>2% by volume) and 

dilute mercury waste (mercury, chemical oxygen 
demand, total kjeldahl nitrogen and chloride 
analyses waste) are poured into the Acid Satellite 
Waste drum located outside the back of the building 
inside the caged fence.  Document the type and 
amount of waste in the acid waste logbook, then 
initial and date the entry.   

• Dilute acid waste (<2% by volume or less) are 
neutralized by using concentrated amounts of 
sodium hydroxide.  Once the pH of the acid waste is 
neutralized, the acid waste is then poured down a 
sink drain within hooded ventilation with copious 
amounts of tap water.  The amounts of acid waste 
treated, the amount of sodium hydroxide used to 
neutralize the acid waste, final pH of the acid waste, 
date performed, and date disposed of is then 
recorded into an acid waste neutralization log book 
that is kept in sample receiving. 

• All other non-hazardous sample waste, reagents, 
and standards are poured down the drain with 
copious amounts of tap water.   

 
b. Metals 

Each analyst performing specific laboratory tests that 
generates waste is responsible to handle and dispose of the 
waste in a safe manner and under the guidelines listed 
below.  If you have any questions left unanswered 
regarding waste disposal within your specific area contact 
the inorganic manager or the safety coordinator. 
• Concentrated acid waste, aqueous sample waste 

digestates, and old unused calibration standards 
(>2% by volume) are poured into the Acid Satellite 
Waste drum located outside the back of the building 
inside the caged fence.  Document the type and 
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amount of waste in the acid waste logbook, then 
initial and date the entry 

• Non-aqueous sample digestate wastes are decanted 
off the soil/solid samples into the Acid Satellite 
Waste drum located outside the back of the building 
inside the caged fence. Document the type and 
amount of waste in the acid waste logbook, then 
initial and date the entry   

• Throw the soil/solids in the trash once the acid 
has been rinsed free. 

• Cr6 digestates as with all concentrated 
metal/acid waste are poured into the Acid 
Satellite Waste drum.  Document the type and 
amount of waste in the acid waste logbook, then 
initial and date the entry 

 
**Note:  The laboratory ‘Acid Waste Logbook’ is 
located in Extractions. 

 
c. Organic Extraction Laboratory Area 

Each analyst performing specific laboratory tests that 
generates waste is responsible to handle and dispose of the 
waste in a safe manner and under the guidelines listed 
below.  If you have any questions left unanswered 
regarding waste disposal within your specific area contact 
the organic manager or the coordinator. 
• Concentrated acid waste is discarded into the Acid 

Satellite Waste located outside the back of the 
building inside the caged fence. 

• Non-chlorinated solvent waste (Acetone, Ether, 
Hexane, and Methanol ….etc…) is poured into the 
Non-Chlorinated Waste labeled bottle located in the 
hood in the Organic Extraction Laboratory. 

• Chlorinated solvent waste (Methylene Chloride, 
Chloroform, chlorinated standard and spike waste) 
is poured into the Chlorinated Waste labeled bottle 
located in the hood in the Organic Extraction 
Laboratory. 

 
**Note: Laboratory generated solvent waste is 
transferred to the appropriate Satellite Solvent 
Waste Drum (chlorinated or non-chlorinated) 
weekly or as deemed necessary.  Disposal of 
solvent waste is done under the direction of the 
organic laboratory manager.  These drums are 
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located outside the back of the building inside 
the caged fence and only authorized laboratory 
staff are allowed to add waste solvent to these 
drums.  The date of addition to the drum, type, 
and quantity of solvent is entered into the 
‘Organic Solvent Waste Logbook’ located in 
Extractions. 

 
• Aqueous sample waste from extracted samples 

(once the extraction solvent has been removed) is 
poured down the drain and flush with copious 
amount of tap water. 

• Sodium sulfate waste is dumped into a waste 
container under an extraction laboratory hood and 
left overnight or until evaporated.  Then the waste is 
discarded into the trash. 

 
d. Gas Chromatography (GC)/High Performance Liquid 

Chromatography (HPLC) Laboratory: 
• Autosampler vials are discarded into the appropriate 

buckets located in the GC/HPLC Laboratory. 
• Sample and spike extract vials are separated 

according to the contents in the vial.  Acid cleaned 
extracts are combined into a separatory funnel and 
the acid layer separated from the solvent.  The acid 
portion is discarded into the Acid Satellite Waste 
drum located outside the back of the building inside 
the caged fence.  The solvent waste is discarded 
into the appropriate solvent waste bottle 
(chlorinated/non-chlorinated waste) located in the 
hood in the organic extraction laboratory and then 
transferred to the appropriate satellite drum when 
deemed necessary.  Document the type and 
amount of waste into the appropriate logbook, 
then initial and date the entry. 

• Unused stock and working standards are 
discarded into the chlorinated solvent waste bottle 
located in the organic extraction laboratory.  The 
empty vials are rinsed several times with solvent, 
and the solvent rinsate poured into the solvent waste 
bottle. Then the vials are discarded into the 
glassware waste container.  

             
e. Gas Chromatography/Mass Spectrometry 

• Volatile sample, standard, and reagent waste: 
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Instrument Waste - Aqueous sample waste is 
collected in waste bottles via waste lines from the 
instrument.  The bottles are emptied into buckets 
and poured down the drain (pH is < 2% by volume).  
A small amount of methanol used to clean 
glassware is also dumped into the bucket and 
poured down the drain.  While disposing of sample 
waste always run the cold tap water 10-15 minutes.  
Non-aqueous waste from sample analyses is 
retained and disposed of in the same manner as the 
unused sample.  Unused sample is held for sample 
disposal by the sample receiving area (see A and B 
listed above).  Lachat instrument waste and COD 
waste is collected and poured into the acid satellite 
drum when deemed necessary.  Document the type 
and amount of waste in the acid waste logbook, 
then initial and date the entry. 
 
Standards - Unused stock and working 
standards are discarded into the chlorinated solvent 
waste bottle in the hood located in extractions.  The 
empty vials are rinsed several times with solvent, 
and the solvent rinsate poured into the solvent waste 
bottle. Then the vials are discarded into the 
glassware waste container. 
 
In conjunction with section managers, the sample 
receiving area disposes of solid sample waste, 
unused aqueous and unused solid samples (see 
procedures A and B listed above). 
 

• Semi-volatile sample and standard waste 
disposal: 

 
Methylene chloride waste solvent and standard 
waste in vials are poured into the chlorinated waste 
bottle in the hood in extractions.  The empty vials 
are rinsed several times with solvent, and the 
solvent rinsate poured into the solvent waste bottle. 
Then the vials are discarded into the glassware 
waste container. 
 
Auto sampler vials are collected in buckets, and 
then either consolidated in lab packs or the contents 
are transferred into the appropriate waste drums.  
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Lab packs for disposal are done by a licensed 
waste disposal company.  

 
f. Bioassay Laboratory 

• Aqueous sample waste and a small amount of 
methanol are poured down the drain with copious 
amounts of tap water.  Larger amounts of methanol 
used for glassware cleaning are collected in beakers 
and evaporated at room temperature. 

• Hazardous or product samples are returned to the 
client. 

 
D.  Consolidation of satellite waste for contractor disposal: 

In conjunction with the Safety Coordinator, the sample receiving supervisor is 
responsible to coordinate waste disposal operations with outside waste disposal 
contractors.                    
1. Solvent waste from the areas discussed above is periodically consolidated 

into two drums located outside the back of the building inside the caged 
fence.  A drum designated either chlorinated or non-chlorinated solvent 
waste is available to receive the appropriate solvent waste.  When the 
drums become full (fluid surface six inches below the top of the drum), an 
authorized hazardous waste contractor will be scheduled to remove them 
to proper waste disposal. 

2. The Acid Satellite Waste drum is also disposed through the authorized 
hazardous waste contractor once the drum is full to the level of six inches 
below the top of the drum.  

3. Consolidated autosampler and standard vials are periodically Lab-Packed 
in drums and disposed through the authorized hazardous waste contractor. 

4. The Safety Coordinator will administer the Waste Disposal Program and 
maintain current information to track quantities of waste generated and 
stored on-site. 

 It is the continuous objective of our laboratory to find ways to 
decrease the amount of waste generated. 
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SCOPE OF ACCREDITATION TO ISO/IEC 17025:2005 
 

CAPE FEAR ANALYTICAL, LLC 
3306 Kitty Hawk Road, Suite 120 

Wilmington, NC  28405 
W. Michael Larkins         Phone:  910-795-0421 

mlarkins@cfanalytical.com 
 

ENVIRONMENTAL 
 
Valid To:  May 31, 2012                          Certificate Number:  3014.01 
 
In recognition of the successful completion of the A2LA evaluation process, (including an assessment of the laboratory's 
compliance with ISO IEC 17025:2005, the 2003 NELAC Chapter 5 Standard, and the requirements of the DoD 
Environmental Laboratory Accreditation Program (DoD ELAP) as detailed in the DoD Quality Systems Manual for 
Environmental Laboratories (DoD QSM v4.1)) accreditation is granted to this laboratory to perform recognized EPA 
methods using the following testing technologies and in the analyte categories identified below: 
 
Testing Technologies 
 
High Resolution Gas Chromatography / Mass Spectrometry 

 
 

Parameter/Analyte Potable Water Nonpotable Water Solid Hazardous Waste 

2,3,7,8-Tetrachlorodibenzo-p-dioxin EPA 1613B EPA 1613B/8290A EPA 1613B/8290A 
1,2,3,7,8-Pentachlorodibenzo-p-dioxin -------------------- EPA 1613B/8290A EPA 1613B/8290A 
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin -------------------- EPA 1613B/8290A EPA 1613B/8290A 
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin -------------------- EPA 1613B/8290A EPA 1613B/8290A 
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin -------------------- EPA 1613B/8290A EPA 1613B/8290A 
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin -------------------- EPA 1613B/8290A EPA 1613B/8290A 
1,2,3,4,5,6,7,8-Octachlorodibenzo-p-dioxin -------------------- EPA 1613B/8290A EPA 1613B/8290A 
2,3,7,8-Tetrachlorodibenzofuran -------------------- EPA 1613B/8290A EPA 1613B/8290A 
1,2,3,7,8-Pentachlorodibenzofuran -------------------- EPA 1613B/8290A EPA 1613B/8290A 
2,3,4,7,8-Pentachlorodibenzofuran -------------------- EPA 1613B/8290A EPA 1613B/8290A 
1,2,3,4,7,8-Hexachlorodibenzofuran -------------------- EPA 1613B/8290A EPA 1613B/8290A 
1,2,3,6,7,8-Hexachlorodibenzofuran -------------------- EPA 1613B/8290A EPA 1613B/8290A 
2,3,4,6,7,8-Hexachlorodibenzofuran -------------------- EPA 1613B/8290A EPA 1613B/8290A 
1,2,3,7,8,9-Hexachlorodibenzofuran -------------------- EPA 1613B/8290A EPA 1613B/8290A 
1,2,3,4,6,7,8-Heptachlorodibenzofuran -------------------- EPA 1613B/8290A EPA 1613B/8290A 
1,2,3,4,7,8,9-Heptachlorodibenzofuran -------------------- EPA 1613B/8290A EPA 1613B/8290A 
1,2,3,4,5,6,7,8-Octachlorodibenzofuran -------------------- EPA 1613B/8290A EPA 1613B/8290A 
Total Tetrachlorodibenzo-p-dioxin -------------------- EPA 1613B/8290A EPA 1613B/8290A 
Total Pentachlorodibenzo-p-dioxin -------------------- EPA 1613B/8290A EPA 1613B/8290A 
Total Hexachlorodibenzo-p-dioxin -------------------- EPA 1613B/8290A EPA 1613B/8290A 
Total Heptachlorodibenzo-p-dioxin -------------------- EPA 1613B/8290A EPA 1613B/8290A 
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Total Tetrachlorodibenzofuran -------------------- EPA 1613B/8290A EPA 1613B/8290A 
Total Pentachlorodibenzofuran  -------------------- EPA 1613B/8290A EPA 1613B/8290A 
Total Hexachlorodibenzofuran  -------------------- EPA 1613B/8290A EPA 1613B/8290A 
Total Heptachlorodibenzofuran  -------------------- EPA 1613B/8290A EPA 1613B/8290A 
2-Chlorobiphenyl (1)  -------------------- EPA 1668A EPA 1668A 
3-Chlorobiphenyl (2)  -------------------- EPA 1668A EPA 1668A 
4-Chlorobiphenyl (3)  -------------------- EPA 1668A EPA 1668A 
2,2'-Dichlorobiphenyl (4)  -------------------- EPA 1668A EPA 1668A 
2,3-Dichlorobiphenyl (5)  -------------------- EPA 1668A EPA 1668A 
2,3'-Dichlorobiphenyl (6)  -------------------- EPA 1668A EPA 1668A 
2,4-Dichlorobiphenyl (7)  -------------------- EPA 1668A EPA 1668A 
2,4'-Dichlorobiphenyl (8)  -------------------- EPA 1668A EPA 1668A 
2,5-Dichlorobiphenyl (9)  -------------------- EPA 1668A EPA 1668A 
2,6-Dichlorobiphenyl (10)  -------------------- EPA 1668A EPA 1668A 
3,3'-Dichlorobiphenyl (11)  -------------------- EPA 1668A EPA 1668A 
3,4-Dichlorobiphenyl (12)  -------------------- EPA 1668A EPA 1668A 
3,4'-Dichlorobiphenyl (13)  -------------------- EPA 1668A EPA 1668A 
3,5-Dichlorobiphenyl (14)  -------------------- EPA 1668A EPA 1668A 
4,4'-Dichlorobiphenyl (15)  -------------------- EPA 1668A EPA 1668A 
2,2',3-Trichlorobiphenyl (16)  -------------------- EPA 1668A EPA 1668A 
2,2',4-Trichlorobiphenyl (17)  -------------------- EPA 1668A EPA 1668A 
2,2',5-Trichlorobiphenyl (18)  -------------------- EPA 1668A EPA 1668A 
2,2',6-Trichlorobiphenyl (19)  -------------------- EPA 1668A EPA 1668A 
2,3,3'-Trichlorobiphenyl (20)  -------------------- EPA 1668A EPA 1668A 
2,3,4-Trichlorobiphenyl (21)  -------------------- EPA 1668A EPA 1668A 
2,3,4'-Trichlorobiphenyl (22)  -------------------- EPA 1668A EPA 1668A 
2,3,5-Trichlorobiphenyl (23)  -------------------- EPA 1668A EPA 1668A 
2,3,6-Trichlorobiphenyl (24)  -------------------- EPA 1668A EPA 1668A 
2,3',4-Trichlorobiphenyl (25)  -------------------- EPA 1668A EPA 1668A 
2,3',5-Trichlorobiphenyl (26)  -------------------- EPA 1668A EPA 1668A 
2,3',6-Trichlorobiphenyl (27)  -------------------- EPA 1668A EPA 1668A 
2,4,4'-Trichlorobiphenyl (28)  -------------------- EPA 1668A EPA 1668A 
2,4,5-Trichlorobiphenyl (29)  -------------------- EPA 1668A EPA 1668A 
2,4,6-Trichlorobiphenyl (30)  -------------------- EPA 1668A EPA 1668A 
2,4',5-Trichlorobiphenyl (31)  -------------------- EPA 1668A EPA 1668A 
2,4',6-Trichlorobiphenyl (32)  -------------------- EPA 1668A EPA 1668A 
2',3,4-Trichlorobiphenyl (33)  -------------------- EPA 1668A EPA 1668A 
2',3,5-Trichlorobiphenyl (34)  -------------------- EPA 1668A EPA 1668A 
3,3',4-Trichlorobiphenyl (35)  -------------------- EPA 1668A EPA 1668A 
3,3',5-Trichlorobiphenyl (36)  -------------------- EPA 1668A EPA 1668A 
3,4,4'-Trichlorobiphenyl (37)  -------------------- EPA 1668A EPA 1668A 
3,4,5-Trichlorobiphenyl (38)  -------------------- EPA 1668A EPA 1668A 
3,4',5-Trichlorobiphenyl (39)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3'-Tetrachorobiphenyl (40)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4-Tetrachlorobiphenyl (41)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4'-Tetrachlorobiphenyl (42)  -------------------- EPA 1668A EPA 1668A 
2,2',3,5-Tetrachlorobiphenyl (43)  -------------------- EPA 1668A EPA 1668A 
2,2',3,5'-Tetrachlorobiphenyl (44)  -------------------- EPA 1668A EPA 1668A 
2,2',3,6-Tetrachlorobiphenyl (45)  -------------------- EPA 1668A EPA 1668A 
2,2',3,6'-Tetrachlorobiphenyl (46)  -------------------- EPA 1668A EPA 1668A 
2,2'4,4'-Tetrachlorobiphenyl (47)  -------------------- EPA 1668A EPA 1668A 
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2,2',4,5-Tetrachlorobiphenyl (48)  -------------------- EPA 1668A EPA 1668A 
2,2',4,5'-Tetrachlorobiphenyl (49)  -------------------- EPA 1668A EPA 1668A 
2,2',4,6-Tetrachlorobiphenyl (50)  -------------------- EPA 1668A EPA 1668A 
2,2',4,6'-Tetrachlorobiphenyl (51)  -------------------- EPA 1668A EPA 1668A 
2,2',5,5'-Tetrachlorobiphenyl (52)  -------------------- EPA 1668A EPA 1668A 
2,2',5,6'-Tetrachlorobiphenyl (53)  -------------------- EPA 1668A EPA 1668A 
2,2',6,6'-Tetrachlorobiphenyl (54)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4-Tetrachlorobiphenyl (55)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4'-Tetrachlorobiphenyl (56)  -------------------- EPA 1668A EPA 1668A 
2,3,3',5-Tetrachlorobiphenyl (57)  -------------------- EPA 1668A EPA 1668A 
2,3,3',5'-Tetrachlorobiphenyl (58)  -------------------- EPA 1668A EPA 1668A 
2,3,3',6-Tetrachlorobiphenyl (59)  -------------------- EPA 1668A EPA 1668A 
2,3,4,4'-Tetrachlorobiphenyl (60)  -------------------- EPA 1668A EPA 1668A 
2,3,4,5-Tetrachlorobiphenyl (61)  -------------------- EPA 1668A EPA 1668A 
2,3,4,6-Tetrachlorobiphenyl (62)  -------------------- EPA 1668A EPA 1668A 
2,3,4',5-Tetrachlorobiphenyl (63)  -------------------- EPA 1668A EPA 1668A 
2,3,4',6-Tetrachlorobiphenyl (64)  -------------------- EPA 1668A EPA 1668A 
2,3,5,6-Tetrachlorobiphenyl (65)  -------------------- EPA 1668A EPA 1668A 
2,3',4,4'-Tetrachlorobiphenyl (66)  -------------------- EPA 1668A EPA 1668A 
2,3',4,5-Tetrachlorobiphenyl (67)  -------------------- EPA 1668A EPA 1668A 
2,3',4,5'-Tetrachlorobiphenyl (68)  -------------------- EPA 1668A EPA 1668A 
2,3',4,6-Tetrachlorobiphenyl (69)  -------------------- EPA 1668A EPA 1668A 
2,3',4',5-Tetrachlorobiphenyl (70)  -------------------- EPA 1668A EPA 1668A 
2,3',4',6-Tetrachlorobiphenyl (71)  -------------------- EPA 1668A EPA 1668A 
2,3',5,5'-Tetrachlorobiphenyl (72)  -------------------- EPA 1668A EPA 1668A 
2,3',5',6-Tetrachlorobiphenyl (73)  -------------------- EPA 1668A EPA 1668A 
2,4,4',5-Tetrachlorobiphenyl (74)  -------------------- EPA 1668A EPA 1668A 
2,4,4',6-Tetrachlorobiphenyl (75)  -------------------- EPA 1668A EPA 1668A 
2',3,4,5-Tetrachlorobiphenyl (76)  -------------------- EPA 1668A EPA 1668A 
3,3',4,4'-Tetrachlorobiphenyl (77)  -------------------- EPA 1668A EPA 1668A 
3,3',4,5-Tetrachlorobiphenyl (78)  -------------------- EPA 1668A EPA 1668A 
3,3',4,5'-Tetrachlorobiphenyl (79)  -------------------- EPA 1668A EPA 1668A 
3,3',5,5'-Tetrachlorobiphenyl (80)  -------------------- EPA 1668A EPA 1668A 
3,4,4',5-Tetrachlorobiphenyl (81)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4-Pentachlorobiphenyl (82)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',5-Pentachlorobiphenyl (83)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',6-Pentachlorobiphenyl (84)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,4'-Pentachlorobiphenyl (85)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,5-Pentachlorobiphenyl (86)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,5'-Pentachlorobiphenyl (87)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,6-Pentachlorobiphenyl (88)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,6'-Pentachlorobiphenyl (89)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4',5-Pentachlorobiphenyl (90)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4',6-Pentachlorobiphenyl (91)  -------------------- EPA 1668A EPA 1668A 
2,2',3,5,5'-Pentachlorobiphenyl (92)  -------------------- EPA 1668A EPA 1668A 
2,2',3,5,6-Pentachlorobiphenyl (93)  -------------------- EPA 1668A EPA 1668A 
2,2',3,5,6'-Pentachlorobiphenyl (94)  -------------------- EPA 1668A EPA 1668A 
2,2',3,5',6-Pentachlorobiphenyl (95)  -------------------- EPA 1668A EPA 1668A 
2,2',3,6,6'-Pentachlorobiphenyl (96)  -------------------- EPA 1668A EPA 1668A 
2,2',3',4,5-Pentachlorobiphenyl (97)  -------------------- EPA 1668A EPA 1668A 
2,2',3',4,6-Pentachlorobiphenyl (98)  -------------------- EPA 1668A EPA 1668A 
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2,2',4,4',5-Pentachlorobiphenyl (99)  -------------------- EPA 1668A EPA 1668A 
2,2',4,4',6-Pentachlorobiphenyl (100)  -------------------- EPA 1668A EPA 1668A 
2,2',4,5,5'-Pentachlorobiphenyl (101)  -------------------- EPA 1668A EPA 1668A 
2,2',4,5,6'-Pentachlorobiphenyl (102)  -------------------- EPA 1668A EPA 1668A 
2,2',4,5',6-Pentachlorobiphenyl (103)  -------------------- EPA 1668A EPA 1668A 
2,2',4,6,6'-Pentachlorobiphenyl (104)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,4'-Pentachlorobiphenyl (105)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,5-Pentachlorobiphenyl (106)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4',5-Pentachlorobiphenyl (107)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,5'-Pentachlorobiphenyl (108)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,6-Pentachlorobiphenyl (109)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4',6-Pentachlorobiphenyl (110)  -------------------- EPA 1668A EPA 1668A 
2,3,3',5,5'-Pentachlorobiphenyl (111)  -------------------- EPA 1668A EPA 1668A 
2,3,3',5,6-Pentachlorobiphenyl (112)  -------------------- EPA 1668A EPA 1668A 
2,3,3',5',6-Pentachlorobiphenyl (113)  -------------------- EPA 1668A EPA 1668A 
2,3,4,4',5-Pentachlorobiphenyl (114)  -------------------- EPA 1668A EPA 1668A 
2,3,4,4',6-Pentachlorobiphenyl (115)  -------------------- EPA 1668A EPA 1668A 
2,3,4,5,6-Pentachlorobiphenyl (116)  -------------------- EPA 1668A EPA 1668A 
2,3,4',5,6-Pentachlorobiphenyl (117)  -------------------- EPA 1668A EPA 1668A 
2,3',4,4',5-Pentachlorobiphenyl (118)  -------------------- EPA 1668A EPA 1668A 
2,3',4,4',6-Pentachlorobiphenyl (119)  -------------------- EPA 1668A EPA 1668A 
2,3',4,5,5'-Pentachlorobiphenyl (120)  -------------------- EPA 1668A EPA 1668A 
2,3',4,5',6-Pentachlorobiphenyl (121)  -------------------- EPA 1668A EPA 1668A 
2',3,3',4,5-Pentachlorobiphenyl (122)  -------------------- EPA 1668A EPA 1668A 
2',3,4,4',5-Pentachlorobiphenyl (123)  -------------------- EPA 1668A EPA 1668A 
2',3,4,5,5'-Pentachlorobiphenyl (124)  -------------------- EPA 1668A EPA 1668A 
2',3,4,5,6'-Pentachlorobiphenyl (125)  -------------------- EPA 1668A EPA 1668A 
3,3',4,4',5-Pentachlorobiphenyl (126)  -------------------- EPA 1668A EPA 1668A 
3,3',4,5,5'-Pentachlorobiphenyl (127)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,4'-Hexachlorobiphenyl (128)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,5-Hexachlorobiphenyl (129)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,5'-Hexachlorobiphenyl (130)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,6-Hexachlorobiphenyl (131)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,6'-Hexachlorobiphenyl (132)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',5,5'-Hexachlorobiphenyl (133)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',5,6-Hexachlorobiphenyl (134)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',5,6'-Hexachlorobiphenyl (135)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',6,6'-Hexachlorobiphenyl (136)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,4',5-Hexachlorobiphenyl (137)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,4',5'-Hexachlorobiphenyl (138)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,4',6-Hexachlorobiphenyl (139)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,4',6'-Hexachlorobiphenyl (140)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,5,5'-Hexachlorobiphenyl (141)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,5,6-Hexachlorobiphenyl (142)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,5,6'-Hexachlorobiphenyl (143)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,5',6-Hexachlorobiphenyl (144)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,6,6'-Hexachlorobiphenyl (145)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4',5,5'-Hexachlorobiphenyl (146)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4',5,6-Hexachlorobiphenyl (147)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4',5,6'-Hexachlorobiphenyl (148)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4',5',6-Hexachlorobiphenyl (149)  -------------------- EPA 1668A EPA 1668A 
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2,2',3,4',6,6'-Hexachlorobiphenyl (150)  -------------------- EPA 1668A EPA 1668A 
2,2',3,5,5',6-Hexachlorobiphenyl (151)  -------------------- EPA 1668A EPA 1668A 
2,2',3,5,6,6'-Hexachlorobiphenyl (152)  -------------------- EPA 1668A EPA 1668A 
2,2',4,4',5,5'-Hexachlorobiphenyl (153)  -------------------- EPA 1668A EPA 1668A 
2,2',4,4',5',6-Hexachlorobiphenyl (154)  -------------------- EPA 1668A EPA 1668A 
2,2',4,4',6,6'-Hexachlorobiphenyl (155)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,4',5-Hexachlorobiphenyl (156)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,4',5'-Hexachlorobiphenyl (157)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,4',6-Hexachlorobiphenyl (158)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,5,5'-Hexachlorobiphenyl (159)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,5,6-Hexachlorobiphenyl (160)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,5',6-Hexachlorobiphenyl (161)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4',5,5'-Hexachlorobiphenyl (162)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4',5,6-Hexachlorobiphenyl (163)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4',5',6-Hexachlorobiphenyl (164)  -------------------- EPA 1668A EPA 1668A 
2,3,3',5,5',6-Hexachlorobiphenyl (165)  -------------------- EPA 1668A EPA 1668A 
2,3,4,4',5,6-Hexachlorobiphenyl (166)  -------------------- EPA 1668A EPA 1668A 
2,3',4,4',5,5'-Hexachlorobiphenyl (167)  -------------------- EPA 1668A EPA 1668A 
2,3',4,4',5',6-Hexachlorobiphenyl (168)  -------------------- EPA 1668A EPA 1668A 
3,3',4,4',5,5'-Hexachlorobiphenyl (169)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,4',5-Heptachlorobiphenyl (170)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,4',6-Heptachlorobiphenyl (171)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,5,5'-Heptachlorobiphenyl (172)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,5,6-Heptachlorobiphenyl (173)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,5,6'-Heptachlorobiphenyl (174)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,5',6-Heptachlorobiphenyl (175)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,6,6'-Heptachlorobiphenyl (176)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4',5,6-Heptachlorobiphenyl (177)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',5,5',6-Heptachlorobiphenyl (178)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',5,6,6'-Heptachlorobiphenyl (179)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,4',5,5'-Heptachlorobiphenyl (180)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,4',5,6-Heptachlorobiphenyl (181)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,4',5,6'-Heptachlorobiphenyl (182)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,4',5',6-Heptachlorobiphenyl (183)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,4',6,6'-Heptachlorobiphenyl (184)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,5,5',6-Heptachlorobiphenyl (185)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,5,6,6'-Heptachlorobiphenyl (186)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4',5,5',6-Heptachlorobiphenyl (187)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4',5,6,6'-Heptachlorobiphenyl (188)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,4',5,5'-Heptachlorobiphenyl (189)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,4',5,6-Heptachlorobiphenyl (190)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,4',5',6-Heptachlorobiphenyl (191)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,5,5',6-Heptachlorobiphenyl (192)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4',5,5',6-Heptachlorobiphenyl (193)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,4',5,5'-Octachlorobiphenyl (194)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,4',5,6-Octachlorobiphenyl (195)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,4',5,6'-Octachlorobiphenyl (196)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,4',6,6'-Octachlorobiphenyl (197)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,5,5',6-Octachlorobiphenyl (198)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,5,5',6'-Octachlorobiphenyl (199)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,5,6,6'-Octachlorobiphenyl (200)  -------------------- EPA 1668A EPA 1668A 
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2,2',3,3',4,5',6,6'-Octachlorobiphenyl (201)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',5,5',6,6'-Octachlorobiphenyl (202)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,4',5,5',6-Octachlorobiphenyl (203)  -------------------- EPA 1668A EPA 1668A 
2,2',3,4,4',5,6,6'-Octachlorobiphenyl (204)  -------------------- EPA 1668A EPA 1668A 
2,3,3',4,4',5,5',6-Octachlorobiphenyl (205)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl (206)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,4',5,6,6'-Nonachlorobiphenyl (207)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,5,5',6,6'-Nonachlorobiphenyl (208)  -------------------- EPA 1668A EPA 1668A 
2,2',3,3',4,4',5,5',6,6'-Decachlorobiphenyl (209) -------------------- EPA 1668A EPA 1668A 
Soxhlet/Dean-Stark Extraction  -------------------- -------------------- EPA 3540C 
Continuous Liquid-Liquid Extraction  EPA 3520C -------------------- -------------------- 
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CAPE FEAR ANALYTICAL, LLC 
Wilmington, NC   

for technical competence in the field of 

 Environmental Testing 
  

In recognition of the successful completion of the A2LA evaluation process that includes an assessment of the laboratory’s compliance with  
ISO/IEC 17025:2005, the 2003 NELAC Chapter 5 Standard, and the requirements of the Department of Defense Environmental Laboratory  
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This accreditation demonstrates technical competence for this defined scope and the operation of a laboratory quality management system  

(refer to joint ISO-ILAC-IAF Communiqué dated 8 January 2009). 
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 _______________________ 
  President & CEO 
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1.0 STANDARD OPERATING PROCEDURE FOR DIOXIN/FURAN/PCB CONGENER 

SAMPLE PROCESSING 

2.0 METHOD OBJECTIVE, PURPOSE, CODES, AND SUMMARY 

2.1 This standard operating procedure provides the necessary instructions for the 

preparation, extraction and cleanup of environmental samples for analysis by high-

resolution GC/MS methods listed below, for the determination of polychlorinated 

dibenzo-dioxins/furans(PCDDs/PCDFs) and polychlorinated biphenyls (PCBs). 

2.2 Solid and tissue samples are homogenized as needed and extracted by soxhlet/Dean-

Stark (SDS).  Aqueous samples are extracted by continuous liquid-liquid extraction 

(CLLE).  Sample extracts are fractionated and prepared for analysis using a variety 

of cleanup procedures, including silica gel and florisil column chromatography. 

2.3 Analytical methods 

2.3.1 EPA SW-846 Method 8290A 

2.3.2 EPA Method 1613B 

2.3.3 EPA Method 1668B 

2.4 Extraction techniques 

2.4.1 Method 3520C (CLLE) 

2.4.2 Method 3540C (SDS) 

2.5 Cleanup techniques 

2.5.1 Method 3620C (Florisil) 

2.5.2 Method 3630C (Silica)  

3.0 APPLICABLE MATRICES 

This SOP is applicable to solid (soil, sediment, sludge), aqueous (groundwater, surface 

water, leachate, drinking water) and tissue matrices. 
4.0 METHOD SCOPE, APPLICABILITY, AND DETECTION LIMIT 

4.1 Calibration ranges and PQLs may be found in the appropriate analytical SOPs. 

4.2 Analysts must demonstrate proficiency prior to work under this SOP.  Demonstrated 

proficiency may be in the form of an IDOC or PT study.  Records are maintained in 

the Quality Department. 

5.0 METHOD VARIATIONS 

5.1 Aqueous samples containing >1% solids are filtered prior to extraction.  The aqueous 

portion is extracted by CLLE, and the filter and solids are extracted by SDS.  The 

fractions are re-combined prior to cleanup. 

5.2 Aqueous samples are adjusted to a pH of </= 7 using 50:50 sulfuric acid.  Samples with 

an initial pH >10 are re-checked after acidifying to ensure a pH of </= 7. 

6.0 DEFINITIONS 

6.1 AlphaLIMS:  The Laboratory Information Management System used at CFA, LLC. 

6.2 Blank:  An aliquot of reagent water or other blank matrix that is treated exactly as a 

sample including exposure to all glassware, equipment, solvents, reagents, and 

standard additions that are used with other samples.  The LMB (Lab Method Blank) 

is used to determine if method analytes or other interferences are present in the 
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laboratory environment, the reagents, or the apparatus.  Contamination may be 

derived during sampling, transportation, storage or analysis.  The blank may be used 

to establish a background value. 

6.3 Cleanup Standards:  Isotopes added prior to cleanup that are used to measure the 

efficiency of the fractionation step alone.  Method 1613B uses one compound 

(37Cl4-2378-TCDD) as the Cleanup Standard.  Method 1668B uses three 

compounds as cleanup standards.  Method 8290A does not address the use of 

cleanup standards; CFA chooses to use five labeled compounds for in-house 

monitoring of fractionation efficiency when performing this method. 

6.4 Extraction Standards: Isotopes added prior to extraction that serve as internal 

standards.  In addition, to measure the overall extraction and fractionation 

efficiencies. 

6.5 Laboratory Control Standard/Duplicate (LCS/LCSD):  Aliquots of reagent water or 

other blank matrix to which known quantities of the method analytes are added in the 

laboratory.  The LCS/LCSD are analyzed exactly like a sample, and their purpose is 

to determine whether the methodology is in control, and whether the laboratory is 

capable of making accurate and precise measurements. 

6.6 Laboratory Duplicate (DUP):  Aliquots of a sample taken from the same container 

and processed in the same manner under identical laboratory conditions.  The 

duplicate aliquot is analyzed independently from the parent sample and the results 

are compared to measure precision and accuracy. 

6.7 Matrix Spike and Matrix Spike Duplicate (MS and MSD):  Two separate aliquots of 

an environmental sample to which known quantities of the method analytes are 

added in the laboratory.  The MS and MSD are analyzed exactly like a sample, and 

their purpose is to determine whether the sample matrix contributes bias to the 

analytical results.  The concentrations of the analytes in the sample matrix must be 

determined in a separate aliquot and the measured values in the MS/MSD adjusted.  

Percent recovery is calculated for both aliquots, and RPD is calculated between the 

two. 

7.0 INTERFERENCES/LIMITATIONS 

7.1 Contaminants found in extraction glassware, solvents, and other sample processing 

hardware may jeopardize the integrity of this method. 

7.2 Glassware must be scrupulously cleaned as soon as possible after extraction. 

7.3 Reagents and solvents should be purified and tested before use, or alternatively, they 

should be purchased pre-cleaned by the manufacturer. 

7.4 PCB extracts must not be allowed to concentrate to dryness due to the potential for loss 

of low molecular weight chlorinated biphenyls. 

8.0 SAFETY PRECAUTIONS AND WARNINGS 

WARNING 

METHYLENE CHLORIDE IS A SUSPECTED CARCINOGEN AND A KNOWN SKIN IRRITANT. 

NO OCCUPATIONAL EXPOSURE LIMIT FOR DIOXIN HAS BEEN ESTABLISHED.  IT IS A 

KNOWN AND PROBABLE HUMAN CARCINOGEN. 
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PCBs HAVE BEEN TENTATIVELY CLASSIFIED AS KNOWN OR SUSPECTED HUMAN OR 

MAMMALIAN CARCINOGENS. 

CONTACT WITH OXIDIZERS MAY GENERATE EXPLOSIVE MIXTURES. 

PREVENT SKIN AND EYE CONTACT BY USING SPECIFIED PERSONAL PROTECTIVE 

EQUIPMENT WHEN MAKING STOCK REAGENTS. 

WORK UNDER A HOOD TO PREVENT INHALATION WHEN MAKING STOCK REAGENTS 

FROM SOLIDS. 

8.1 Eye protection should be worn when handling samples, reagents, or standards.  

NOTE: Contact lenses pose a special problem; soft lenses may absorb irritants and 

all lenses concentrate them. DO NOT wear contact lenses in the laboratory. 

8.2 Treat all chemicals and samples as potential health hazards and reduce exposure to 

these chemicals to the lowest level possible.  CFA maintains a reference file of Material 

Safety Data Sheets (MSDS).  These documents and individual sample MSDS provided 

by clients are maintained in the laboratory. 

8.3 Personal Protective Equipment (PPE) 

8.3.1 Gloves and eye protection should be worn when handling reagents, solvents, 

standards and samples. 

8.3.2 Analysts should prepare samples and standards under the hood. 

8.4 All samples, chemicals, extracts, and extraction residues must be transferred, 

delivered, and disposed of safely according to all related SOPs.  

8.5 Never leave gas cylinders unchained or untied. 

8.6 In the event of an accident or medical emergency, call for help immediately.  When 

time and safety permit, management should be notified of all accidents. 

8.7 Fire escape routes are posted in the lab, and all personnel should be familiar with 

them.  In addition, fire safety equipment such as fire extinguishers and fire blankets 

are located in the lab.  Training is available on the proper operation of this 

equipment. 

8.8 For further safety instructions, consult the Safety, Health and Chemical Hygiene 

Plan, CF-LB-N-001. 

9.0 APPARATUS, EQUIPMENT AND INSTRUMENTATION 

9.1 Equipment associated with this SOP includes: 

 Soxhlet/Continuous Liquid-Liquid Extraction Rack 

 Soxhlet/Dean-Stark (SDS) glassware apparatus 

 Continuous Liquid-Liquid (CLLE) glassware apparatus 

 Balances 

 Fume hoods 

 Turbovap 

 Dry weight oven 

 Buchner funnels 

 Vacuum pump 
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 2 L vacuum flask 

9.2 Materials and supplies: 

 Boiling chips 

 Cellulose thimbles 

 Spatulas 

 Aluminum dry weight pans 

 pH strips 

 5 ¾‖ disposable pipets and rubber pipet bulps 

 Filter paper 

 Nitrogen 

 60 mL vials with PTFE caps 

 60 mL vial racks 

 25 mL drying columns 

 10 mL drying columns 

 Glass wool 

 10-100 µL air displacement pipet and disposable tips 

 100-1000 µL air displacement pipet and disposable tips 

 1000 mL graduated cylinder 

10.0 REAGENTS AND STANDARDS 

10.1 Reagents, chemicals, and standards: 

 Methylene chloride 

 Toluene 

 Hexane 

 Carbon—Carbopack C or equivalent 

 Celite 

 Tridecane:  Plug a 25 mL drying column with glass wool; add 1 g sodium sulfate; 

add 2 g carbon-coated celite.  Percolate the tridecane from the supplier’s bottle 

through the carbon column.  Collect into a clean and properly labeled container; 

document preparation in the Supply Prep logbook. 

 Nonane 

 Deionized water 

 Sodium sulfate 

 Concentrated sulfuric acid 

 1 N Sodium hydroxide 

 High purity potassium hydroxide 

 Neutral silica 
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 Acid-coated silica:  44.0 g concentrated sulfuric acid to 100 g neutral silica.  Add 

1 to 2 mL acid to the silica and shake vigorously; continue until all acid has been 

added.  Document preparation in the Supply Prep logbook; affix appropriate 

label to jar. 

 NaOH-coated silica: 30.0 g 1 N NaOH to 100 g neutral silica.  Add 1 to 2 mL 

base to the silica and shake vigorously; continue until all base has been added.  

Document preparation in the Supply Prep logbook; affix appropriate label to jar. 

 KOH-coated silica: Dissolve 56 g high purity KOH in 300 mL methanol.  Add 

100 grams neutral silica; stir on hot plate at 60° to 70°C for 1 to 2 hours.  Decant 

liquid and rinse with two 100 mL aliquots methanol.  Rinse once with 100 mL 

methylene chloride.  Spread potassium silicate on foil and dry for 1 to 2 hours in 

a fume hood.  Activate at 200 °C for 18 hours.  Stir in 37 g neutral silica (This is 

a deviation from the methods, intended to reduce the strength of the KOH-coated 

silica to prevent recovery losses in the samples).  Document preparation in the 

Supply Prep logbook; affix appropriate label to jar. 

 Florisil 

 Source Standards:  Source Standards are purchased directly from vendors and 

may be diluted to make stock, intermediate, or working standards.  These include 

extraction standard, matrix spiking standard, cleanup standard, injection 

standard.  Source standards expire per the vendor expiration date or after five 

years from the date opened, whichever is shorter.  Please reference CF-LB-E-007 

for further information regarding standards and their preparation.    

11.0 SAMPLE HANDLING AND PRESERVATION 

11.1 For method 8290A, samples must be extracted within 30 days of collection.  For 

methods 1613B and 1668B, samples must be extracted within 1 year of collection.       

Sample extracts have a 45-day holding time from the date of extraction by method 

8290A and a 365 day holding time from the date of extraction by 1613B and 1668B.  

Note that per method 8290A, tissue extracts must be completely analyzed by 45 days 

from collection. 

11.2 Samples should be collected in amber glass containers with PTFE-lined caps. 

11.3 Aqueous samples should be checked in the field for the presence of residual chlorine, 

and if present, preserved with 80 mg sodium thiosulfate.  If sample labels do not 

indicate whether they have been checked/preserved, the samples should be checked 

at the time of receipt, and preserved if necessary. 

11.4 Samples should be maintained at 0 < 6 °C after collection until such time as they may be 

disposed by the laboratory. 

11.5 Custody of samples is monitored using the AlphaLIMS sample tracking system.  Each 

analyst should scan the samples planned to extract into their custody. 

11.6 All samples and sample extracts should be treated with caution as potential health 

hazards.  Refer to Section 8.0 on safety. 

12.0 SAMPLE PREPARATION 

12.1 Sample preparation and conditioning 
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12.1.1 Homogenization of tissue 

 Vegetation samples can require special procedures to prevent cross 

contamination from other matrices.  Some vegetation can be difficult to 

reduce in particle size and homogenize.  Vegetation sample processing is 

handled on a case-by-case basis with project management to client 

communication. 

12.1.2 Homogenization of tissue 

 Tissue samples should be received and maintained at -10 to -20°C.  If a 
sample is received as a whole specimen (fish, rodent, etc.), a project 
manager should verify with the client which portion of the specimen is 
to be analyzed. 

 If specific portions must be dissected from the whole specimen, the 
remaining tissue can be refrozen.  When the entire sample, usually fish, 
requires analysis, reduce the sample down to manageable means using a 
butcher knife. 

NOTE:  Great care must be exercised when reducing a frozen fish with a 

knife.  Cut-resistant gloves must be worn to protect the hands as well as 

to hold the fish in place. 

 When analyzing specific portions, such as a fillet, dissect the required 
portion under stringent safety guidelines to prevent injury as well as to 
ensure the integrity of the sample. 

 Once reduced in size or dissected to the appropriate portion, process the 
tissue through a meat grinder, if required, and collect into an amber glass 
jar. 

 To ensure a homogeneous mixture, grind the sample two more times. 
 Record any observations on the bench sheet. 

12.1.3 Compositing and aliquotting 
Specific procedures for compositing and aliquotting may be found in the 
following SOPs:  CF-LB-E-031 and CF-LB-E-032. 

12.1.4 Percent solids determination 
Specific procedures for determination of percent solids (moisture content) 
may be found in SOP CF-OA-E-020. 

12.1.5 Percent lipids determination 
 Extract the sample by soxhlet using methylene chloride.  Do not add 

tridecane. 
 Concentrate the extract to approximately 20 mL and transfer to a tared 

60 mL vial. 
 Concentrate the extract to dryness in a Turbovap. 
 Allow to cool; take an initial weight using an analytical balance. 
 Store the extract vial in a dessicator for 12 hours and re-weigh.  Continue 

to perform re-weighs every hour until constant weight is achieved (<1% 
change). 

 Calculate percent lipids as follows: 
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  100%
W

R
L  

  Where: 
  R = weight of dry residue in grams 
  W = initial weight of sample in grams 
12.1.6 Sub-Sampling 
 Sample matrices and mechanisms of contamination are infinitely variable and 
require judgments to be made.  If the client provides no instructions, it is advisable 
that experienced analysts decide which sub-sampling techniques are employed.  For 
solid samples, mixing is the preferred process.  For liquid samples without obvious 
layers, the entire container is used and rinsed.  Documentation of these two forms of 
sub-sampling is not required due to the frequency of their use. 
 All other selected sub-sampling techniques should be documented.  If the 
sample integrity or composition does not match that anticipated by the laboratory, 
the client must be contacted to confirm or clarify any sub-sampling instructions. An 
example of a time when client direction is required can be demonstrated with the 
receipt of a coring sleeve.  If upon opening the container, the analyst notices obvious 
heterogeneous composition of the sample, (clay in one end of the sleeve, and sand at 
the other end), appropriate instructions from the client must be obtained prior to 
beginning analysis. 
 Anytime the analytical result will obviously be biased, it must be 
documented, and the client should be notified prior to beginning any sub-sampling 
technique.  An example of a time when this occurs is when interferences or target 
contamination require the use of a reduced extraction volume for a liquid sample 
preventing a container rinse. 

12.2 Sample Extraction 

12.2.1 Soxhlet/Dean-Stark (SDS) Extraction 
12.2.1.1  Pre-extraction 

 Fill 500 mL round-bottom flask with 350 mL extraction solvent 
(methylene chloride for all tissues and PCB solids; toluene for 
dioxin/furan solids). 

 Add one scoop of boiling chips to the round-bottom and attach 
soxhlet and Dean-Stark glassware.  If pre-extracting for PCB 
samples, also include the thimble.  If samples to be extracted are 
not extremely wet (i.e. >30% moisture), the Dean-Stark may not 
be needed. 

 Clamp the apparatus securely to the extraction rack and attach the 
condenser. 

 Pull out emergency stops to energize heater controllers. 
 Set the heating mantle controller to ‘65’ for toluene or ‘50’ for 
methylene chloride, turn power switch to ‘on’, and allow to reflux 
for 3 to 4 hours. 

 Turn power switch to ‘off’ and allow apparatus to cool. 
 Hit emergency stops to turn off controllers. 
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 Disassemble condenser and SDS and dump solvent into 
appropriate waste container. 

 Glassware is now prepared for extraction. 
12.2.1.2 Extraction of Solid Samples 

 Refill the round-bottom flask with 350 mL extraction solvent. 
 Add one scoop fresh boiling chips. 
 For dioxin/furan extractions, add 500 uL tridecane as a keeper 
solvent.  Do NOT add tridecane for PCB extractions. 

 Reassemble the glassware apparatus, clamp securely to the 
extraction rack. 

 Weigh a 10 g dry weight equivalent soil aliquot into a cellulose 
thimble. 

 Add 10 to 15 g sodium sulfate to the thimble and mix thoroughly. 
 Place the thimble into the appropriately labeled soxhlet. 
 Add the appropriate type and amount of extraction standard 
(spike) to the thimble (see Appendix 1). 

 Attach a Dean-Stark adaptor (if needed) and attach the condenser. 
 Allow the sample 1 – 2 hours for equilibration 
 Pull out emergency stops. 
 Set the heating mantle controller to ‘65’ for toluene or ‘50’ for 
methylene chloride, turn power switch to ‘on’, wrap the round-
bottom flask with aluminum foil and allow to reflux for 18 to 24 
hours. 

 At the end of the extraction period, open the stopcock on the 
soxhlet and allow the solvent to drain to waste. 

 When the solvent level reaches 30 to 40 mL, turn off the heating 
mantle controller and allow the apparatus to cool. 

 Hit emergency stops. 
 Remove the condenser, Dean-Stark and soxhlet from the round-
bottom flask, and place the cellulose thimble into the appropriate 
waste can. 

 Quantitatively transfer the extract from the round-bottom flask to 
an appropriately labeled 60 mL vial. 

 Concentrate the extract under nitrogen in a Turbovap.  
Dioxin/furan extracts should be concentrated to 500 µL 
(tridecane) and exchanged with hexane.  PCB extracts should be 
concentrated to approximately 2 to 3 mL to avoid analyte loss.  
DO NOT TAKE PCB EXTRACTS TO DRYNESS. 

 Add the appropriate type and amount of cleanup standard to the 
extract (see Appendix 1). 

 The extract is now ready for cleanup. 
12.2.2 Aqueous Extraction 

12.2.2.1  Continuous Liquid-Liquid Pre-extraction 
 Verify water level in circulation tank. 
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 Turn the two-way valves to ‘extract’ and turn on the pump switch 
to ‘extract’.  Verify water is flowing. 

 Turn on the water heater to 160 °F. 
 Add 1 to 2 boiling chips to the concentrator, fill the drying adapter 
halfway with sodium sulfate, and assemble the glassware 
apparatus. 

 Securely attach the apparatus to the CLLE extraction rack.  Attach 
the water hoses to the concentrator. 

 Add 200 mL methylene chloride to the extractor body.  Then add 
1 L deionized water, being careful not to allow any water into the 
sidearm. 

 Attach the condenser to the apparatus. 
 Verify chiller temperature and flow. 
 Open the water valves to allow hot water to flow through the 
concentrator. 

 Open the sidearm stopcock to allow methylene chloride to flow 
over to the drying adapter. 

 Allow pre-extraction to run for 3 to 4 hours. 
 Close stopcock and allow methylene chloride to concentrate to 15-
20 mL. 

 Turn off heater, close water valves, turn two-way valves to 
‘drain’, and turn pump switch to ‘drain’. 

 Once the water has drained, turn the pump switch to ‘off’. 
 Remove the concentrator and drying adapter and pour remaining 
methylene chloride into the appropriate waste container, leaving 
the boiling chips inside. 

 Rinse twice more with methylene chloride and dump to waste. 
 Re-attach the drying adapter. 
 Remove the extractor body and dump the deionized water and 
methylene chloride in the appropriate waste container. 

 Re-attach the entire apparatus to the extraction rack. 
 Glassware is now ready for sample extraction. 

12.2.2.2 High- solids (>1%) Procedure 
 Remove water sample from the cooler and allow to come to room 

temperature. 

 Pipet 1-2 mL of sample onto a pH strip and record pH on bench 

sheet. 

 Spike the sample with the appropriate type and amount of 

extraction standard (see Appendix 1) 

 Allow sample to equilibrate for 1 – 2 hours 

 Place sample on balance and tare. 

 Attach large Buchner funnel to 2L vacuum flask. 
 Attach vacuum pump hose to vacuum flask. 
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 Place sheet of glass fiber filter paper inside funnel and rinse with 
toluene. 

 Pull off toluene with vacuum and discard. 
 Pour sample into funnel and apply vacuum. 
 Reweigh the sample bottle on the tared scale and record the 
resulting sample volume on the bench sheet. 

 Rinse the sample bottle with 50 mL deionized water and add to 
funnel. 

 Continue to pull vacuum until all water has been pulled through 
the filter. 

 Turn off vacuum pump. 
 Remove filter paper and place in soxhlet extractor.  Extract using 
procedure in Section 12.2.1. 

 Pour water into extractor body and extract using procedure in 
Section 12.2.2.3.  NOTE:  SAMPLE HAS ALREADY BEEN 
SPIKED.  DO NOT RESPIKE. 

12.2.2.3 Low-solids (<1%) Extraction by Continuous Liquid-Liquid (CLLE) 
 Fill extractor body with 250 mL methylene chloride. 
 Remove water sample from the cooler and allow to come to room 
temperature. 

 Pipet 1 to 2 mL of sample onto a pH strip and record pH on bench 
sheet. 

 Place sample on balance and tare. 
 Shake to thoroughly homogenize the sample, and pour into the 
appropriately labeled extractor body, being sure the sample does 
not get into the sidearm. 

 Reweigh the sample bottle on the tared scale and record the 
resulting sample volume on the bench sheet. 

 Rinse the sample bottle with 50 mL methylene chloride and pour 
into the extractor body. 

 Spike the sample with the appropriate type and amount of 
extraction standard (see Appendix 1). 

 Allow the sample to equilibrate for 1 – 2 hours. 
 Add 2 mL 50:50 sulfuric acid to the extractor body.  If initial pH 
was >10, re-check pH; if still > 7, continue adding acid to achieve 
a pH </= 7. 

 Attach the condenser. 
 Turn the two-way valves to ‘extract’ and turn on the pump switch 
to ‘extract’. 

 Turn on the water heater. 
 Open the water valves. 
 Open the stopcock. 
 Allow the sample to extract for 18 to 24 hours. 
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 Close the stopcock and allow the extract to concentrate down to 
the nipple of the concentrator.  If samples are for PCB analysis, 
only concentrate to 5 to 10 mL to avoid analyte loss. 

 Turn heater off, close water valves, switch two-way valves to 
‘drain’ and turn pump to ‘drain’. 

 When water has drained, turn pump to ‘off’. 
 Remove concentrator and drying adapter. 
 Pour contents of extractor body into the appropriate waste 
container. 

 Remove drying adapter from concentrator and dump sodium 
sulfate into appropriate waste container. 

 Quantitatively transfer the extract to an appropriately labeled 60 
mL vial. 

 Add the appropriate type and amount of cleanup standard to the 
vial.  For dioxin/furan extracts, add 100 µL tridecane to the vial. 

 Concentrate the extracts down to the 100 µL tridecane in the 
Turbovap at 45 °C.  For PCB extracts, only concentrate down to 2 
to 3 mL. 

 Remove the vial and cap. 
 Extract is now ready for cleanup. 

12.2.3 Cleanup Procedures 
12.2.3.1 Acid/Base Silica Column (for dioxin/furan samples) 

 Insert a glass wool plug into a 25 mL drying column and pack the 

column from bottom to top as follows:  1 g neutral silica gel, 4 g 

basic silica gel, 1 g neutral silica gel, 8 g acidic silica gel, 2 g 

neutral silica gel, 4 g sodium sulfate. 

 Rinse the column with 50 mL hexane and catch in a waste 

container. 

 Position a 60 mL vial under the column. 

 Quantitatively transfer the extract onto the column. 

 Elute the sample with 50 mL hexane. 

 Remove the 60 mL vial and cap; position a new 60 mL vial under 

the column. 

 Elute with an additional 50 mL hexane. 

 Concentrate the two vials to approximately 5 ml in the Turbovap 

at 45 °C and combine into one vial. 

 If the extract requires additional cleanup, concentrate to 

approximately 1 to 2 mL and proceed to another cleanup step. 

 If the extract is ready for analysis, concentrate to dryness and add 

0.5 mL methylene chloride. 

 Quantitatively transfer the extract to a labeled GC vial and deliver 

to the GC/MS analyst. 

12.2.3.2 Acid/Base Silica Column (for PCB samples) 
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 Insert a glass wool plug into a 25 mL drying column and pack the 

column from bottom to top as follows:  1 g neutral silica gel, 4 g 

basic silica gel, 1 g neutral silica gel, 8 g acidic silica gel, 2 g 

neutral silica gel, 4 g sodium sulfate. 

 Rinse the column with 50 mL hexane and catch in a waste 

container. 

 Position a 60 mL vial under the column. 

 Quantitatively transfer the extract onto the column. 

 Elute the sample with 25 mL hexane. 

 If the extract requires additional cleanup, concentrate to 

approximately 1 to 2 mL in the Turbovap at 45 °C and proceed to 

another cleanup step. 

 If the extract is ready for analysis, concentrate to 0.5 mL.  DO 

NOT let PCB extracts go to dryness. 

 Quantitatively transfer the extract to a labeled GC vial containing 

18 µL nonane and deliver to the GC/MS analyst. 

12.2.3.3 Florisil Column (for dioxin/furan samples) 
 Insert a glass wool plug into a 10 mL disposable pipet, pack with 
1.5 g florisil, and top with 1 g sodium sulfate. 

 Rinse the column with 10 mL methylene chloride, 10 mL 2% 
methylene chloride/hexane, and 10 mL hexane, and discard to 
waste. 

 Quantitatively transfer the extract to the column with hexane. 
 Rinse the column with 10 mL hexane. 
 Elute with 20 mL 2% methylene chloride/hexane and discard to 
waste. 

 Position a 60 mL vial under the column and elute the sample with 
35 mL methylene chloride. 

 Concentrate the extract in the Turbovap at 45 °C to approximately 
0.5 mL. 

 Quantitatively transfer the extract to a labeled GC vial and deliver 
to the GC/MS analyst. 

12.2.3.4 Anthropogenic Isolation Column (for all tissue samples) 
 Insert a glass wool plug into a 25 mL drying column and pack the 
column as follows:  2 g neutral silica gel, 2 g potassium silicate, 2 
g sodium sulfate, 10 g acid silica gel, 2 g sodium sulfate. 

 Elute the column with 100 mL hexane and collect to a waste 

container. 

 Quantitatively transfer the extract to the column. 

 Elute with 200 mL hexane and collect into an appropriate sample 

container. 
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 If the sample requires further cleanup, concentrate the extract to 

approximately 1 to 2 mL hexane in the Turbovap at 45 °C and 

proceed with another cleanup. 

 If no further cleanup is required, concentrate the extract to dryness 

(for dioxin/furan samples) and add 0.5 mL methylene chloride.  

For PCB samples, concentrate only to approximately 0.5 mL.  DO 

NOT take PCB samples to dryness. 

 Quantitatively transfer the extract to a labeled GC vial and deliver 

to the GC/MS analyst. 

12.2.3.5 Acid/Base Back-Extraction (for PCB samples) 
 Partition the extract against 50 mL potassium hydroxide solution. 
 Shake for 2 minutes, venting periodically. 
 Remove and discard the aqueous layer. 
 Repeat until no color is visible in the aqueous layer, to a 
maximum of four washings. 

 Partition the extract against 50 mL sodium chloride solution. 
 Discard the aqueous layer. 
 Partition the extract against 50 mL sulfuric acid. 
 Discard the aqueous layer. 
 Repeat until no color is visible in the aqueous layer, to a 
maximum of four washings. 

 Partition the extract against 50 mL sodium chloride solution. 
 Discard the aqueous layer. 
 Transfer the extract to a drying column containing 7-10 grams 
sodium sulfate. 

 Concentrate the extract to 1 to 2 mL hexane in the Turbovap at 
45°C and proceed with additional cleanup steps. 

13.0 QUALITY CONTROL SAMPLES AND REQUIREMENTS 

13.1 Method Blank (MB) 

A method blank is extracted with each extraction batch of 20 samples or less.  The 

method blank should be a reagent-free matrix similar to that of the batch, such as 

deionized water, glass beads or purified corn oil.  The method blank is spiked in the 

same manner as the samples.  The method blank is subjected to the same extraction 

and cleanup procedures as the samples, and is used as a measure of laboratory 

contamination.  Method blank acceptance criteria may be found in the appropriate 

analytical SOP. 

13.2 Laboratory Control Sample/Laboratory Control Sample Duplicate (LCS/LCSD) 

A laboratory control sample is extracted with each extraction batch of 20 samples or 

less.  The LCS should be a reagent-free matrix (as listed above), and is subjected to 

the same extraction and cleanup procedures.  The LCS is spiked with native analytes 

in addition to the extraction standards added to all samples.  The LCS is subjected to 

the same extraction and cleanup procedures as the samples, and is used as a measure 

of system performance.  A LCSD may also be performed as required by the 
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analytical method.  LCS/LCSD acceptance criteria may be found in the appropriate 

analytical SOP. 

13.3 Matrix Spike/Matrix Spike Duplicate (MS/MSD) 

A MS/MSD pair may be performed as required by the analytical method, or as 

requested by a specific client.  A matrix spike is a second aliquot of sample which is 

spiked with native analytes prior to extraction, and is used as another measure of 

system performance.  MS/MSD acceptance criteria (if available) may be found in the 

appropriate analytical SOP. 

14.0 INSTRUMENT CALIBRATION, STANDARDIZATION AND PERFORMANCE 

Samples are analyzed using a Waters Autospec Premier high-resolution GC/MS system.  

Instrument calibration, standardization and performance information may be found in the 

appropriate analytical SOP. 
15.0 PROCEDURE FOR ANALYSIS AND INSTRUMENT OPERATION 

Procedures for analysis and instrument operation may be found in the appropriate analytical 

SOP. 
16.0 EQUIPMENT AND INSTRUMENT MAINTENANCE 

16.1 Chiller water levels should be checked monthly. 

16.2 Chromalox heater water level should be checked each day of use. 

16.3 Balance 

Procedures for balance calibration and maintenance may be found in SOP CF-LB-E-

002 for Balances. 

16.4 Fume Hood 

Fume hood monitoring and maintenance may be found in SOP CF-FC-E-003. 

16.5 Dry weight oven temperature should be verified each day of use. 

17.0 DATA RECORDING, CALCULATION AND REDUCTION METHODS 

17.1 Data such as sample weights/volumes, dry weights, pH, spike amounts and lot 

numbers are input to the LIMS. 

17.2 Calculations such as percent moisture and percent lipids are calculated in the LIMS. 

18.0 POLLUTION/CONTAMINATION 

18.1 Work areas should be maintained free of dust and dirt accumulations. 

18.2 Whenever possible, work should be performed in a fume hood to reduce the spread of 

solvent fumes and airborne contaminants. 

18.3 Glassware should be washed and prepared in a designated area. 

19.0 DATA REVIEW, APPROVAL AND TRANSMITTAL 

Bench data are input manually to AlphaLIMS.  The data recorded in AlphaLIMS are checked 

by the analyst for accuracy and completeness. 

20.0 CORRECTIVE ACTION FOR OUT-OF-CONTROL OR UNACCEPTABLE DATA 

Corrective action for out-of-control data may require instrument maintenance, re-extraction, 

the use of a new spike mix, or a more complex set of actions.  When troubleshooting measures 

(Section 21) fail to bring an analytical process or data into control, a nonconformance report 

(NCR) and/or corrective action should be initiated in accordance with CF-QS-E-004 for the 
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Documentation of Nonconformance Reporting and Dispositioning and Control of 

Nonconforming Items, and CF-QS-E-002 for Conducting Corrective Action. 

21.0 CONTINGENCIES FOR HANDLING THESE SITUATIONS 

Troubleshooting is used to determine the appropriate action to take when a sample or QC 

fails to meet defined acceptance criteria.  Troubleshooting may involve one or more of the 

following actions: 

21.1 When a method blank fails the defined criteria, the analyst must find and eliminate 

the source of contamination before proceeding with the analysis.  This may involve 

the further testing of reagents, solvents, equipment or glassware.  If the 

contamination is believed to be from a highly contaminated sample in the batch, the 

sample may be removed from the batch and the remaining batch re-processed. 

21.2 If an extraction standard recovery fails the specified criteria, the sample must be 

evaluated as to why the failure may have occurred.  If matrix interferences are 

apparent, the extract may need further cleanup steps, or the sample may need to be 

re-extracted at a reduced weight/volume. 

21.3 If any native analyte recoveries in the LCS are outside specified limits, the process 

should be examined.  Corrective action may include repeating the extraction or 

analysis, utilizing a new spike mix, or more complex actions. 

21.4 If normal equipment and software operating procedures do not resolve trouble-

shooting efforts, the manuals for software, hardware and other equipment discussed 

in this SOP are available for consultation and resolution.  On-line support may be 

available from software and instrument manufacturers, as well.  Any revisions, 

repairs or corrective actions required must be documented in accordance with the 

laboratory’s Quality System as described in CF-QS-B-001.  
22.0 RECORDS MANAGEMENT 

22.1 Bench data logbooks are stored in the lab in storage boxes as long as there is space 

available.  When space runs out, the boxes are sent to off-site storage. 

22.2 Records generated as a result of this procedure are maintained as quality documents 

in accordance with CF-QS-E-008 for Quality Records Management and Disposition. 

23.0 METHOD VARIATIONS 

EPA Method 3520C, Continuous Liquid-Liquid Extraction and EPA Method 3540C, 

Soxhlet Extraction include the use and control of laboratory equipment not in use at Cape 

Fear Analytical, LLC.  The laboratory SOP correctly reflects the equipment used to perform 

the preparatory methods of reference. 
24.0 LABORATORY WASTE HANDLING AND DISPOSAL 

Laboratory waste is disposed in accordance with the Laboratory Waste Management Plan, 

CF-LB-G-001. 

25.0 REFERENCES 

25.1 Test Methods for Evaluating Solid Waste:  Laboratory Manual Physical/ Chemical 

Methods, Volume 1B, SW-846, 3
rd

 Edition, Feb. 2007.  Method 8290A, 

―Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated Dibenzofurans 

(PCDFs) by High Resolution Gas Chromatography/ High Resolution Mass 
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Spectrometry (HRGC/HRMS),‖ Rev. 1, Feb. 2007.  USEPA, Office of Solid Waste 

and Emergency Response, Washington, DC  20460. 

25.2 Method 1613, ―Tetra- through Octa-Chlorinated Dioxins and Furans by Isotope 

Dilution HRGC/HRMS,‖ Rev. B, Oct. 1994.  USEPA, Office of Water, Engineering 

and Analysis Division, 401 M Street SW, Washington, DC  20460. 

25.3 Method 1668B, ―Chlorinated Biphenyl Congeners in Water, Soil, Sediment, 

Biosolids, and Tissue by HRGC/HRMS‖, November 2008.  USEPA, Office of 

Water, Office of Science and Technology, Engineering and Analysis Division, 1200 

Pennsylvania Avenue NW, Washington, DC  20460.  

26.0 HISTORY 

Revision 0:  New document. 

Revision 1:  Updated solid reference matrix in Section 13.  Added Appendix 1, Spike 

Profiles. Added vegetation sample processing comments in section 12.1.1. 

Revision 2:  Clarified pH requirements, revised extraction time to match reference method, 

re-ordered some bulleted steps to match actual practices, changed to nonane as PCB solvent, 

added method variation section, added discussion of software and equipment 

troubleshooting support.  
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Appendix 1:  Spike Profiles 

 
       
       

1613 Volume [Conc] Amt. Final Vol. [Inst] [Sx] 
  (µL) (ng/µL) (ng) (µL) (pg/µL) (pg/g) 

1613ES 40 0.05 2 

20 

100 200 

1613MX (LCS) 40 0.005 0.2 10 20 
1613CS 20 0.01 0.2 10 20 
8290JS* 20 0.1 2 100 200 
       

8290 Volume [Conc] Amt. Final Vol. [Inst] [Sx] 
  (µL) (ng/µL) (ng) (µL) (pg/µL) (pg/g) 

8290ES 40 0.05 2 

20 

100 200 

1613MX* (LCS) 40 0.005 0.2 10 20 
8290CS 20 0.01 0.2 10 20 
8290JS 20 0.1 2 100 200 
       

1668 Volume [Conc] Amt. Final Vol. [Inst] [Sx] 
  (µL) (ng/µL) (ng) (µL) (pg/µL) (pg/g) 

1668ES 40 0.05 2 

20 

100 200 

1668MX (LCS) 40 0.0125 0.5 25 50 
1668CS 40 0.05 2 100 200 
1668JS 2 1 2 100 200 
       
* Standard is interchangeable between methods 8290 and 1613 
 
Complete compound lists for each standard may be found in the 
standards logbook.   
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1.0 STANDARD OPERATING PROCEDURE FOR THE ANALYSIS OF 

POLYCHLORINATED DIBENZO-P-DIOXINS AND POLYCHLORINATED 

DIBENZOFURANS (PCDD/PCDF) BY HIGH-RESOLUTION GAS 

CHROMATOGRAPHY/HIGH-RESOLUTION MASS SPECTROMETRY (HRGC/HRMS) 

2.0 METHOD OBJECTIVE, PURPOSE, CODE, AND SUMMARY 

This standard operating procedure (SOP) covers the analytical determination of 
PCDD/PCDFs according to the following methods: 

2.1 SW-846 Method 8290A 

2.2 EPA Method 1613B 

2.3 SW-846 Method 0023A 

3.0 APPLICABLE MATRICES 

Applicable matrices for methods 8290A and 1613B include groundwater, wastewater, 
surface water, leachate, soil, sediment, sludge, oil, and tissue.  The applicable matrix for 
method 0023A is an air sampling train, which may contain XAD resin, impinger water and 
solvent rinses. 

4.0 METHOD SCOPE, APPLICABILITY, AND DETECTION LIMIT 

4.1 Methods 8290A, 1613B and 0023A may be used to quantify PCDD/PCDFs that are 
soluble in methylene chloride and/or toluene.  The compounds are separated using a gas 
chromatograph (GC) and detected using a high-resolution double focusing mass 
spectrometer (HRMS).  Appendix 1 lists the analytes currently analyzed using these 
methods and their practical quantitation limits. 

4.2 The practical quantitation limit (PQL) is the lowest level in the calibration curve.  The 
PQL is the lowest level at which compounds may be accurately quantitated and is 
compound dependent.  The calibration curve typically ranges from 1.0 ng/mL to 1000 
ng/mL for methods 8290A and 0023A, and from 0.5 ng/mL to 2000 ng/mL for method 
1613B.  These ranges reflect instrument readings, which are in ng/mL (ppb).  It should 
be noted that the calibration range may vary between calibrations and instruments. 

4.3 Method detection limit studies (MDLs) are performed and/or verified on an annual 
basis.  MDLs are done for aqueous, solid, tissue and XAD matrices.  For more 
information regarding MDLs, refer to The Determination of Method Detection 
Limits, CF-LB-E-001. 

4.4 Qualified analysts must demonstrate proficiency initially and annually thereafter with 
an IDOC, CDOC, or PT study.  Acceptability criteria may be found in the applicable 
analytical method. 

4.4.1 To establish the ability to generate acceptable accuracy and precision, the 
analyst should perform an "analyst validation study" or Initial Demonstration 
of Capability.  Four LCS standards are extracted and analyzed.  Calculate the 
average recovery and the standard deviation of the recovery for each analyte 
of interest using the four results.  Then compare the average and the standard 
deviation with the corresponding criteria found in Table 6 of method 1613B, 
or with the determined limits for methods 8290A and 0023A.  If the average 
and the standard deviation for all analytes of interest meet the acceptance 
criteria, then the analyst may begin work on actual samples.  If the validation 
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study fails for one or more of the compounds, then the study must be repeated 
for those compounds which failed. 

5.0 METHOD VARIATIONS 

5.1 Cape Fear Analytical analyzes a calibration point at 0.25 ng/mL, which is below the 
method required low point. 

5.2 Standards and sample extracts are stored at room temperature to avoid analyte loss.  
Many of the target analytes in these methods form a strong cohesive bond with solids 
such as glass in cold temperatures; this type of analyte loss is not addressed in the 
method.  (This is a variance from the following method recommendations:  <6° per 

method 8290A; < -10°C per 1613B; -10  to -20  C per DoD QSM.) 

5.3 Cape Fear Analytical utilizes the DB-5MS GC column, which is capable of better 
resolution of the TCDF isomers.  This column exhibits a different elution pattern than 
the DB-5 column referenced in the analytical methods.  Relative retention time limits 
have been determined for this column for use with method 1613B, and are listed in 
Table 8. 

5.4 Method 1613B does not address the reporting of EDL and EMPC.  These values are 
reported for this method only when requested by the client. 

6.0 DEFINITIONS 

6.1 Accuracy: The degree of agreement between an observed value and an accepted 
reference value. 

6.2 AlphaLIMS:  The Laboratory Information Management System used at CFA, LLC. 

6.3 Blank:  An aliquot of reagent water or other blank matrix that is treated exactly as a 
sample including exposure to all glassware, equipment, solvents, reagents, and 
standard additions that are used with other samples.  The LMB (Lab Method Blank) 
is used to determine if method analytes or other interferences are present in the 
laboratory environment, the reagents, or the apparatus.  Contamination may be 
derived during sampling, transportation, storage or analysis.  The blank may be used 
to establish a background value. 

6.4 Calibration Standard (CAL):  An aliquot of a primary standard solution or stock 
standard solution.  The CAL solutions are used to calibrate the instrument response 
with respect to analyte concentration. 

6.5 Calibration Verification Standard (CVS, CCAL, CS3WT):  A solution of target 
analytes with a concentration near the mid-point of the calibration range.  It should 
be obtained from a second source vendor and is used to verify the initial calibration 
on a basis described in the determinative method.  This solution may also contain the 
window defining analytes and the column performance mix. 

6.6 Cleanup Standards:  Isotopes added prior to cleanup that are used to measure the 
efficiency of the fractionation step alone.  Method 1613B uses one compound 
(37Cl4-2378-TCDD) as the Cleanup Standard.  Method 8290A does not address the 
use of cleanup standards; CFA chooses to use five labeled compounds for in-house 
monitoring of fractionation efficiency in Method 8290. 

6.7 Duplicate Analysis:  The analysis or measurement of the variable of interest 
performed identically on two field subsamples of the same sample.  The results from 
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duplicate analyses are used to evaluate analytical or measurement precision of 
sample, preservation, or storage internal to the laboratory. 

6.8 Estimated Detection Limit (EDL):  A calculation of the concentration of a given 
analyte required to produce a signal with a peak height of at least 2.5 times the 
background signal level.  The EDL is calculated for each 2378-substituted congener 
that is not identified. 

6.9 Estimated Maximum Possible Concentration (EMPC):  A calculation for a peak 
characterized by a response with a signal-to-noise ratio of at least 2.5 for both the 
quantitation ions, and meeting all identification criteria except ion ratio.  EMPC is a 
worst-case estimate of the concentration. 

6.10 Extraction Standards:  Isotopes added prior to extraction that serve as internal 
standards for many 2,3,7,8 substituted congeners.  In addition, to measure the overall 
extraction and fractionation efficiencies.  Method 8290A names them Internal 
Standards while Method 1613B uses the Labeled Compounds terminology. 

6.11 Injection Standards:  Isotopes added prior to injection to determine the recoveries of 
the Extraction and Cleanup Standards.  Method 8290A names them Recovery 
Standards while Method 1613B calls them Internal Standards. 

6.12 Internal Standard (ISTD):  A known amount of standard added to a test portion of a 
sample as a reference for evaluating the retention time and concentration of 
dependent analytes and controlling the precision and bias of the applied analytical 
method. 

6.13 Laboratory Control Standard (LCS):  An aliquot of reagent water or other blank 
matrix to which known quantities of the method analytes are added in the laboratory.  
The LCS is analyzed exactly like a sample, and its purpose is to determine whether 
the methodology is in control, and whether the laboratory is capable of making 
accurate and precise measurements. 

6.14 Laboratory Duplicate (DUP):  Aliquots of a sample taken from the same container 
and processed in the same manner under identical laboratory conditions.  The aliquot 
is analyzed independently from the parent sample and the results are compared to 
measure precision and accuracy. 

6.15 Matrix Spike and Matrix Spike Duplicate (MS and MSD):  Two separate aliquots of 
an environmental sample to which known quantities of the method analytes are added 
in the laboratory.  The MS and MSD are analyzed exactly like a sample, and their 
purpose is to determine whether the sample matrix contributes bias to the analytical 
results.  The concentrations of the analytes in the sample matrix must be determined 
in a separate aliquot and the measured values in the MS/MSD adjusted.  Percent 
recovery is calculated for both aliquots, and RPD is calculated between the two. 

6.16 Method Detection Limit (MDL):  The minimum concentration of an analyte that can 
be identified, measured and reported with 99% confidence that the analyte 
concentration is greater than zero. 

6.17 Precision:  The degree to which a set of observations or measurements of the same 
property, obtained under similar conditions, conform to themselves, a data quality 
indicator.  Precision is usually expressed as standard deviation, variance or range in 
either absolute or relative terms. 
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6.18 Quantitation Limits (also PQL, RL):  The value at which an instrument can 
accurately measure an analyte at a specific concentration (i.e., a specific numeric 
concentration can be quantified).  These points are established by the upper and 
lower limits of the linear calibration range. 

6.19 Sampling Standards:  Isotopes added prior to field sampling for Method 0023A that 
are used to measure the efficiency of the sampling step alone.   

7.0 INTERFERENCES/LIMITATIONS 

7.1 Contaminants found in extraction glassware, solvents, and other sample processing 
hardware may jeopardize the integrity of this method. 

7.2 Glassware must be scrupulously cleaned as soon as possible after extraction. 

7.3 Contamination may also occur in the GC/MS system.  High boiling materials tend to 
build up in the injection port and the front end of the column.  The analyst should 
maintain a thorough working knowledge of keeping the injection port free of 
contamination, including changing out the septum, injection port liner, O-ring, ferrule, 
and gold seal. 

7.4 Contamination by carryover can occur whenever high-level and low-level samples are 
sequentially analyzed.  To reduce carryover, the sample syringe must be rinsed with 
solvent between samples.  If carryover is suspected, potentially impacted samples must 
be re-analyzed after any needed maintenance, solvent replacement, and/or cleaning has 
been done. 

8.0 SAFETY PRECAUTIONS AND WARNINGS 

METHYLENE CHLORIDE IS A SUSPECTED CARCINOGEN AND A KNOWN SKIN IRRITANT. 

NO OCCUPATIONAL EXPOSURE LIMIT FOR DIOXIN HAS BEEN ESTABLISHED.  IT IS A 
KNOWN AND PROBABLE HUMAN CARCINOGEN. 

CONTACT WITH OXIDIZERS MAY GENERATE EXPLOSIVE MIXTURES. 

PREVENT SKIN AND EYE CONTACT BY USING SPECIFIED PERSONAL PROTECTIVE 
EQUIPMENT WHEN MAKING STOCK REAGENTS. 

WORK UNDER A HOOD TO PREVENT INHALATION WHEN USING METHYLENE 
CHLORIDE. 

8.1 Eye protection should be worn when handling samples, reagents, or standards.  
NOTE: Contact lenses pose a special problem; soft lenses may absorb irritants and all 
lenses concentrate them. DO NOT wear contact lenses in the laboratory. 

8.2 Treat all chemicals and samples as potential health hazards and reduce exposure to these 
chemicals to the lowest level possible.  CFA maintains a current reference file of 
Material Safety Data Sheets (MSDS).  These documents and individual sample MSDS 
provided by clients are maintained in the laboratory. 

8.3 Personal Protective Equipment (PPE) 

8.3.1 Gloves and eye protection should be worn when handling reagents, solvents, 
standards and samples. 

8.3.2 Analysts should prepare samples and standards under the hood. 

8.4 All samples, chemicals, extracts, and extraction residues must be transferred, 
delivered, and disposed of safely according to all related SOPs.  

8.5 Never leave gas cylinders unchained or untied. 
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8.6 In the event of an accident or medical emergency, call for help immediately.  When 
time and safety permit, management should be notified of all accidents. 

8.7 Fire escape routes are posted in the lab, and all personnel should be familiar with 
them.  In addition, fire safety equipment such as fire extinguishers and fire blankets 
are located in the lab.  Training is available on the proper operation of this 
equipment. 

8.8 The analyst must use care when assembling and operating instrumentation.  Check to 
see that the gas chromatograph equipment is properly assembled and hooked up to 
the proper gas cylinder and power, referencing the appropriate manual.  Analytical 
equipment must only be operated by qualified personnel. 

8.9 For further safety instructions, consult the Safety Manual, CF-LB-N-001. 

9.0 APPARATUS, EQUIPMENT AND INSTRUMENTATION 

9.1 Equipment associated with this method includes: 

9.1.1 Gas tight syringes 

9.1.2 2 mL high recovery (conical) autosampler vials and storage racks 

9.1.3 Teflon crimp tops 

9.1.4 Crimper/De-crimper 

9.1.5 GC Columns 

9.1.5.1 Agilent DB5-MS or equivalent; 60 m, 0.25 mm, 0.25 um 

9.1.5.2 Agilent DB-225 or equivalent; 30 m, 0.25 mm, 0.25 um 

9.1.6 Quartz/Glass injection port liners 

9.1.7 Injection port liner O-ring seals 

9.1.8 Gold seals 

9.1.9 Ferrules 

9.1.10 Column cleaving tool 

9.1.11 Septa (thermogreen) 

9.1.12 10-100 uL adjustable air displacement pipette with disposable tips 

9.2 Instrumentation 

9.2.1 Waters Autospec Premier high resolution mass spectrometer 

9.2.2 Agilent 7890 Gas Chromatograph 

9.2.2.1 A suggested temperature program for primary analysis follows: 

 Initial Temp. 140  C 

 Hold Time  1.0 min. 

 Rate 1  20  C/min. 

 Temperature 2   180  C 

 Time 2  2 /min 

 Temperature 3 235  C 

 Rate 3  30  C/min. 

 Final Temp. 290  C 
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 Hold Time  13 min. 

 Run Time:  45 minutes (may vary due to column 
length or flow rate) 

 Solvent Delay:  18.0 min. 

 Splitless Valve Time: 1.5 min. 

 Flow:   1.8 mL/min. 

 Mass Range:    See descriptor definitions (Table 2) 

NOTE:  These instrument conditions and rates are guidelines 
which may change. 

9.2.3 LEAP Technologies GC PAL Autosampler 

9.2.3.1 Suggested parameters: 

 Sample volume – 1 µL 

 Air volume – 0.5 µL 

 Solvent push volume – 1 µL 

 Number of sample washes - 0 

 Solvent washes - 30 

 Sample viscosity wait – 1 second 

 Number of sample pumps - 0 

  Injection mode - Fast 

10.0 REAGENTS AND STANDARDS 

10.1 Reagents and standards 

10.1.1 Nonane 

10.1.2 Source Standards:  Source Standards are purchased directly from vendors 
and may be diluted to make stock, intermediate, or working standards.  
These may include extraction standard, matrix spiking standard, cleanup 
standard, injection standard, as well as others.  Source standards expire per 
the vendor expiration date or after five years from the date opened, 
whichever is shorter.  Please reference GL-LB-E-007 and GL-OA-E-002 
for further information regarding standards and their preparation. 

10.1.3 Initial Calibration (ICAL) Standards:  Certified calibration standards are 
purchased from commercial vendors at a minimum of five concentration 
levels.  One of the calibration standards is at a concentration near, but 
above, the method detection limit; the others should correspond to the 
expected range of compounds found in samples.  Calibration standards 
expire after a maximum of five years and should be monitored frequently 
for signs of degradation. 

10.1.4 Calibration Verification Standards (CVS, CCAL, CS3WT):  A certified CVS is 
purchased from a second source commercial vendor at a concentration that is 
near to the midpoint of the calibration curve. 

10.1.5 Window Defining Mix and Column Performance Mix (WDM and CPM):  A 
standard containing the first and last eluters for each homolog group, as well as 
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the dioxin and furan isomers used to demonstrate isomer specificity on the GC 
column in use.  These may be contained in the same standard as the calibration 
verification (known as CS3WT).    

11.0 SAMPLE HANDLING AND PRESERVATION 

11.1 Sample extracts have a 45-day holding time from the date of extraction by methods 
8290A and 0023A, and a 365 day holding time from the date of extraction by 1613B.  
Note that per method 8290A, tissue extracts must be completely analyzed by 45 days 
from collection. 

11.2 Sample extracts are delivered from the prep lab to the instrument lab and are stored in a 
darkened hood at room temperature.  The extracts are usually grouped according to 
preparation batches and are accompanied by the batch pull sheet and other pertinent 
paperwork. 

11.3 Custody of samples is monitored using the AlphaLIMS sample tracking system.  Each 
analyst should scan the samples planned to run into their custody prior to analysis. 

11.4 All sample extracts should be treated with caution as potential health hazards.  Refer 
to Section 8.0 on safety. 

12.0 SAMPLE PREPARATION 

12.1 Before extracts can be analyzed on the instrument, they must first be evaporated to 
dryness under nitrogen and then spiked with injection standard to set the final volume 
nominally at 20 µL.  A determination must also be made as to whether the extract 
should be diluted.  The decision to dilute a sample extract is based on a number of 
factors:  sample screening, historical data about the sample or sample site, the 
appearance of the extract (color, viscosity, incidental odor, turbidity, etc.), or 
regulatory considerations.  The experience of the analyst is invaluable in making this 
determination. 

NOTE:  Sample extracts may contain multiple layers or sediment.  Samples that 
contain sediment are returned to cleanup.  Multiple layers are treated on a case-by-
case basis.  If the extract can be homogenized, then a uniform sample is achieved.  If 
the extract remains bi-phasic, the PM and client are contacted for further guidance. 

12.2 If a sample is to be analyzed without dilution („neat‟), 2 nanograms of injection 
standard solution is added to the extract using a pipette (20 µL of a 0.1 ng/µL = 100 
pg/µL extract concentration).  A cap is then placed on the vial and secured by crimping 
before vortexing the sample to ensure complete mixing and vial wall washing. 

12.3 If samples require dilution, the dilution is made using nonane or appropriate solvent.  
If not previously added, 2 nanograms of JS is added to the autosampler vial.  Dilution 
prep may involve the addition of supplemental extraction standard (ES) and is 
documented in the injection prep logbook. 

12.4 Once samples are prepped, they are ready to be injected onto the instrument.  An 
autosampler is used to inject standards and sample extracts on the instrument. 

12.5 The need for dilution may also be determined after analysis is performed, and may 
still be performed as above.  Under normal circumstances, a sample would be diluted 
if any chromatographic peaks saturate the detector. 
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13.0 QUALITY CONTROL REQUIREMENTS 

Typically a blank (LMB), laboratory control sample (LCS) and laboratory control sample 
duplicate (LCSD) are extracted and analyzed with each prep batch.  Other client 
requirements may include a matrix spike (MS) and matrix spike duplicate (MSD) or sample 
duplicate (DUP). 
13.1 Blanks 

13.1.1 A blank is extracted with each batch of 20 or fewer samples to demonstrate 
that interferences from glassware, reagents and the analytical system are 
under control. Blanks are carried through all stages of sample preparation 
and analysis.  For Method 1613B, an acceptable blank must be below the 
minimum levels listed in Table 2 of the method for all analytes.  For 
Methods 8290A and 0023A, all analytes must be below the Lower Method 
Calibration Limits. 

13.1.2 The percent recovery of each labeled standard (extraction and cleanup) is 
calculated as shown in Sec. 17.4.5.  Recoveries must be within the limits in 
Table 6 for method 1613B. For methods 8290A and 0023A, extraction 
standard recoveries must be within 40-135%.  Sampling standards for Method 
0023A must be within 70-130%.  CFA has established an internal guideline of 
70-130% for Method 8290 cleanup standards. 

13.2 Laboratory Control Samples and Matrix Spikes 

13.2.1 The spiking standard for LCS/LCSDs and MS/MSDs contains all analytes 
listed in Table 4.   For each LCS, LCSD, MS and MSD, the concentration of 
each analyte and its percent recovery are calculated as shown in Sec.17.4.1 and 
17.4.5.  For methods 8290A and 0023A, percent recoveries should be within 
70-130%.  For method 1613B, recovered concentrations should be within the 
limits in Table 5. 

13.2.2 If recovery is not within these limits, the data may need to be re-checked for 
errors, or the samples and QC may need to be re-analyzed. In addition, the 
instrumentation may need to be checked for performance problems.  If the 
LCS fails to meet acceptance criteria due to low recovery, the associated 
samples may have to be re-extracted and re-analyzed when possible.  If one or 
more recoveries are high in the LCS and these analytes are not detected in the 
samples, the event should be documented and data may be reported.  If the 
MS and MSD both fail due to matrix interference and/or dilution, data may be 
reported provided the associated LCS passes acceptance criteria.   

NOTE:  Many clients have contract specific criteria that must be considered 
when evaluating recovery of the Quality Control samples.    

13.2.3 The percent recovery of each labeled standard (extraction and cleanup) is 
calculated as shown in Sec. 17.4.5.  Recoveries must be within the limits in 
Table 5 for method 1613B. For methods 8290A and 0023A, extraction 
standard recoveries must be within 40-135%.  Sampling standards for Method 
0023A must be within 70-130%.  CFA has established an internal guideline of 
70-130% for Method 8290 cleanup standards. 

13.3 Samples 
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13.3.1 The percent recovery of each labeled standard (as listed in SOP CF-OA-E-
001) is calculated as shown in Sec. 17.4.5.  Recoveries must be within the 
limits in Table 5 for method 1613B or 40-135% for method 8290A. 

13.3.2 Calculated EDLs should be below the PQLs in Table 1.  Any reported EDLs 
above the PQLs should be noted in the case narrative. 

14.0 INSTRUMENT CALIBRATION, STANDARDIZATION, AND PERFORMANCE 

14.1 Mass spectrometer performance 

14.1.1 The mass spectrometer is operated in electron ionization mode. A static 
resolving power of at least 10,000 (10 percent valley definition) must be 
demonstrated at appropriate masses before any analysis is performed. Static 
resolving power checks must be performed at the beginning and at the end of 
each 12-hr period of operation. Corrective action must be implemented 
whenever the resolving power does not meet the requirement. 

14.1.1.1 Chromatography time for PCDDs and PCDFs exceeds the long term 
mass stability of the mass spectrometer. Because the instrument is 
operated in the high-resolution mode, mass drifts of a few ppm 
(e.g., 5 ppm in mass) can have serious adverse effects on instrument 
performance. Therefore, a mass drift correction is mandatory.  A 
lock-mass ion from the reference compound PFK is used for tuning 
the mass spectrometer. The selection of the lock-mass ion is 
dependent on the masses of the ions monitored within each 
descriptor.  Lock mass ions may be found in the descriptor table, 
Table 2. The level of the reference compound (PFK) metered into 
the ion chamber during HRGC/HRMS analyses should be adjusted 
so that the amplitude of the most intense selected lock-mass ion 
signal (regardless of the descriptor number) does not exceed 10 
percent of the full scale deflection for a given set of detector 
parameters. Under these conditions, sensitivity changes that might 
occur during the analysis can be more effectively monitored. 
NOTE: Excessive PFK (or any other reference substance) may 
cause noise problems and contamination of the ion source resulting 
in an increase in downtime for source cleaning. 

14.1.2 Documentation of the instrument resolving power must be accomplished by 
recording the peak profile of the high-mass reference signal (m/z 380.9760) 
obtained during the above peak matching experiment by using the low mass 
PFK ion at m/z 304.9824 as a reference. The minimum resolving power of 
10,000 must be demonstrated on the high-mass ion while it is transmitted at a 
lower accelerating voltage than the low-mass reference ion, which is 
transmitted at full sensitivity. The format of the peak profile representation 
(Figure 2) must allow manual determination of the resolution, i.e., the 
horizontal axis must be a calibrated mass scale (amu or ppm per division). The 
result of the peak width measurement (performed at 5 percent of the 
maximum, which corresponds to the 10 percent valley definition) must appear 
on the hard copy and cannot exceed 100 ppm at m/z 380.9760 (or 0.038 amu 
at that particular mass). 
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14.2 System Performance 

System performance criteria are presented below.  The laboratory may use the 
recommended GC column described in Sec. 9.1.  The laboratory must document that all 
applicable system performance criteria are met before sample analysis begins.  Sec. 
9.2.2 provides recommended GC conditions that may be used to satisfy the required 
criteria.  Mass spectrometer resolving power checks must be performed at the beginning 
and the end of each 12-hr period of operation.  A GC column performance check is 
required at the beginning of each 12-hr period during which samples are analyzed.  For 
Method 1613B, a continuing calibration must be performed at the beginning of the 
sequence, while for Methods 0023A and 8290A, continuing calibrations must be 
performed at both the beginning and the end of a sequence.  An ending continuing 
calibration may also serve as the beginning check for the next sequence. 

14.2.1 GC Column performance check 

14.2.1.1 Inject 1 μL of an aliquot of the column performance check solution 
(Sec. 10.1.5) and acquire selected ion monitoring (SIM) data within 
a total cycle time of < 1 second.  The chromatographic separation 
between 2,3,7,8-TCDD and the peaks representing any other 
unlabeled TCDD isomers must be resolved with a valley of < 25 
percent (Figure 1), where: 

    Valley percent = (x/y) × 100 

x = measured as in Figure 1 from the 2,3,7,8-closest TCDD 
eluting isomer 

   y = the peak height of 2,3,7,8-TCDD 

 For 2378-TCDF confirmatory analysis, the chromatographic 
separation between 2378-TCDF and its closest eluters must be 
resolved with a valley of < 25 percent.  

14.2.1.2 It is the responsibility of the laboratory to verify the conditions 
suitable for the appropriate resolution of 2,3,7,8-TCDD from all 
other TCDD isomers. The GC column performance check solution 
also contains the known first and last PCDD/PCDF eluters under 
the conditions described in this SOP. Their retention times are used 
to determine the five homologue retention time windows that are 
used for qualitative (Sec. 15.3.1.1) and quantitative purposes. All 
peaks (including 13C12-2,3,7,8-TCDD) should be labeled and 
identified on the chromatograms. All first eluters of a homologous 
series should be labeled with the letter "F," and all last eluters of a 
homologous series should be labeled with the letter "L". Any 
individual selected ion current profile (SICP) or the reconstructed 
homologue ion current constitutes an acceptable form of data 
presentation. A SICP for the labeled compounds is also required.  

14.2.1.3 Particular caution should be exercised for the switching time 
between the last tetra-chlorinated congener (1,2,8,9-TCDF) and the 
first penta-chlorinated congener (1,3,4,6,8-PeCDF), as these two 
compounds elute within 15 sec of each other on the 60-m DB-5 
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column, and overlap on the 60-m DB-5ms column. Both congeners 
must be acquired within one analysis. 

14.2.1.4 The absolute retention time of 
13

C12-1,2,3,4-TCDD must exceed 
25.0 minutes on the primary GC column in use, and 15.0 minutes 
on the confirmatory GC column. 

14.3 Initial Calibration 

14.3.1 Prior to running a multi-level calibration, take precautions to ensure that the 
instrument meets system performance criteria.  The analyst must document 
that all system performance criteria are met before analyzing an initial 
calibration. 

14.3.2 Initial calibration is required before any samples are analyzed for PCDDs and 
PCDFs and must meet the acceptance criteria listed below.  Initial calibration 
is also required if any routine calibration does not meet the required criteria 
listed in Sec. 15.2, and at a minimum, annually. 

14.3.3 At a minimum, all five high-resolution concentration calibration solutions 
listed in Table 4 must be used for the initial calibration. 

14.3.4 Tune the instrument with PFK to meet the above-specified system performance 
criteria. 

14.3.5 Inject the GC column performance check solution and acquire SIM mass 
spectral data.  The total cycle time for each descriptor must be < 1 second. The 
laboratory must not perform any further analysis until it is demonstrated and 
documented that the criteria listed in Sec. 15.1.1.1 are met. 

14.3.6 By using the same conditions (GC and MS) that produced acceptable results 
with the column performance check solution, analyze each of the five 
concentration calibration solutions.  Each injection must meet the following 
ion ratio and signal-to-noise (S/N) requirements: 

14.3.6.1 The ratio of the areas of the integrated ion current for the ions 
appearing in Table 2 (homologous series quantitation ions) must be 
within the indicated control limits (set for each homologous series) 
in Table 3.  These ion ratio requirements must be within the 
specified control limits simultaneously in one run. It is the analyst‟s 
responsibility to take corrective action if the ion abundance ratios 
are outside the limits.  

14.3.6.2 For each selected ion current profile (SICP) and for each GC signal 
corresponding to the elution of a target analyte and of its labeled 
standards, the S/N ratio must be better than or equal to 10. Manual 
measurement of S/N is required for any GC peak that has an 
apparent S/N of less than 15:1. The result of the calculation must 
appear on the SICP above the GC peak in question. 

14.3.7 Calculate the 17 relative response factors (RF) for unlabeled target analytes 
relative to their appropriate internal standards.  Also calculate the RFs for the 
ESs and CSs relative to the appropriate injection standards according to the 
following formula: 
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xis

isx

CA

CA
RF  

   Where: 

 Ax = Sum of the Areas of the two characteristic ions for the compound 
being measured. 

 Ais = Sum of the Areas of the two characteristic ions for the specific 
internal standard. 

   Cis = Concentration of the specific internal standard. 

       Cx = Concentration of the compound being measured. 

The RF is a dimensionless quantity; the units used to express Cis and Cx must 
be the same. 

14.3.8 The RF for other isomers within a homolog group shall be determined from the 
average RF of the 2,3,7,8-substituted isomers.  For example, the RF for non-
2,3,7,8-substituted HxCDD isomers (totals peaks) is the average of the three 
2,3,7,8-substituted isomers.  NOTE: If only one 2,3,7,8-substituted isomer is 
present in the calibration then use that isomer‟s RF for all isomers within its 
homolog group. 

14.3.9 Because more than five calibration levels may be analyzed, the analyst may 
choose to deactivate one or more levels globally.  If a level is not used, it will 
be deactivated in the method for all analytes in that calibration mixture.  In 
some cases the upper level(s) of the calibration may be deactivated in order to 
meet method criteria for single compounds.  This practice results in a narrower 
calibration range.  The low standard representing the PQL cannot dropped.  
Please note that this practice does not represent “cherry picking,” which is 
acknowledged as an unacceptable laboratory practice. 

14.3.10 The average RF must be calculated for each compound as follows: 

n

X

RF

n

i
avg

1  

Where: 

N = number of calibration levels 
Xi; i=1 to n, are the compounds RF values for each calibration point 

14.3.11 Criteria for acceptable initial calibration 

The criteria listed below for acceptable calibration must be met before sample 
analyses are performed. 

14.3.11.1 Per method 8290A, the percent relative standard deviations for 
the mean response factors from the 17 unlabeled standards must 
not exceed ± 20 percent, and those for the nine labeled reference 
compounds must not exceed ± 20 percent.  These limits also 
apply to Method 0023A.  Per method 1613B, the percent relative 
standard deviations for the mean response factors from the 17 
unlabeled standards must not exceed ± 20 percent, and those for 
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the fifteen labeled reference compounds must not exceed ± 35 
percent.  

%RSD =  
SD
x 

 x 100  

Where: 

   RSD = relative standard deviation 

   x      = mean of 5 or more initial RFs for a compound 

   SD   = standard deviation of average RFs for a compound 

2 1

1n

AX

SD

n

i  

where: 
n = number of calibration levels 
Xi; i=1 to n, are the compounds RF values for each calibration 
point 
A = average of the RFs from above 

15.0 PROCEDURE FOR ANALYSIS AND INSTRUMENT OPERATION 

15.1 Resolution check 

15.1.1 At the beginning and end of each 12-hour window, mass resolution must be 
tuned and/or verified.  A static resolving power of at least 10,000 must be 
demonstrated at appropriate masses before analysis is performed. 

15.1.2 Using a PFK molecular leak, tune the instrument to the minimum required 
resolving power of 10,000 at m/z 330.9792 (for day to day operations, the 
instrument may be tuned to approximately 11,000).  Verify that the exact 
mass of m/z 380.9760 is within 5 ppm of the required value. 

15.2 Column Performance/Window Defining/Continuing Calibration Check (CS3WT) 

15.2.1 Inject 1 uL of the CS3WT or CPM.  Verify that all column performance and 
window defining criteria in Section 14.2.1 have been met. 

15.2.2 The CS3WT also contains the analytes for continuing calibration.  The initial 
calibration curve for each compound of interest must be verified once every 
12 hours. 

Calculate the percent difference using: 

     
% Difference =  

RFi  RFc

RFi
  100 

Where: 

RF i  = average response factor from initial calibration 

RFc = response factor from current CS3WT 

Calculate analyte concentrations using: 
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unk

21

21

/  

 Where: 

     Aunk and AES = the integrated area for each ion monitored. 
QES = the amount of extraction standard in pg/uL 
RF = Average RF from the ICAL for the compound 
 

15.2.2.1 For methods 0023A and 8290A, if the percent difference for each 
native analyte in the CS3WT is < 20%, and for each labeled analyte 
is < 30%, the initial calibration is assumed to be valid.  For method 
1613B, analyte concentrations must fall within the limits in Table 
7.  If the criteria are not met, corrective action should be taken.  If 
no source of the problem can be determined after corrective action 
has been taken, a new calibration may need to be generated. 

15.2.2.2 All ion ratios must be within the limits in Table 3. 

15.2.2.3 For methods 0023A and 8290A, if no more than two unrelated 
compounds in the continuing calibration check performed at the end 
of a 12-hour period fail by no more than +25% for the 17 unlabeled 
compounds and +35% for the 9 labeled compounds, the average RF 
values from the beginning and ending continuing calibration checks 
should be used to compute the analyte concentrations, instead of the 
RF values obtained from the initial calibration.  No further sample 
analyses should be performed until an acceptable calibration is 
achieved. 

15.3 Sample Analysis 

15.3.1 Data Interpretation 

15.3.1.1 Qualitative Determination 

For a peak to be identified as a PCDD or PCDF, it must meet all of 
the criteria listed below. 

15.3.1.1.1 The signals for the two m/z‟s being monitored must be 
present and maximize within ±2 seconds of each 
other. 

15.3.1.1.2 The signal-to-noise ratio between the two m/z‟s must 
be > 2.5 for native compounds and > 10 for labeled 
compounds. 

15.3.1.1.3 Ion ratios must be within the limits in Table 3. 

15.3.1.1.4 Relative Retention Times 

15.3.1.1.4.1 For Methods 0023A and 8290A, 
congeners which have an isotopically 
labeled compound must fall within -1 to 
+3 seconds of the labeled compound.  
Congeners with no labeled compound 
must be within 0.005 retention time units 
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of the RRT measured in the continuing 
calibration. 

15.3.1.1.4.2 For Method 1613B, relative retention 
times must be within the RRT limits 
found in Table 8. 

15.3.1.1.4.3 For non-2378 peaks, retention times 
must be within the retention time 
windows established by the analysis of 
the window defining mixture (Sec. 
14.2.1.2). 

15.3.1.1.5 For PCDFs, no peak may be present in the associated 
PCDPE channel at the same retention time.  If a 
PCDPE peak is present, the PCDF peak should be 
reported with a flag denoting the interference. 

15.3.1.1.6 Any sample in which 2378-TCDF has been identified 
at or above the method reporting limit must be 
confirmed on a second column (DB-225 or equivalent). 

15.3.1.2 Calibration Limit Exceedance 

15.3.1.2.1 If a compound in a sample exceeds the upper 
calibration limit, all subsequent samples must be 
checked for carryover contamination. 

15.3.1.2.2 When a subsequent sample is non-detect for the 
compound in question, the sequence is again 
considered acceptable for reporting. 

15.3.1.2.3 All affected samples between the exceeding sample and 
the non-detect sample must be re-analyzed. 

16.0 EQUIPMENT AND INSTRUMENT MAINTENANCE 

16.1 Preventive maintenance on a HRGC/HRMS system involves the following basic 
areas: 

16.1.1 Vacuum pumps for the inlets, source, and analyzer need a change of oil 
about every year or when system performance indicates it is needed.   

16.1.2 The GC injection port is cleaned as needed, approximately once a week.  It is 
recommended that the septum and injection port liner be replaced at the time 
of cleaning.  Additionally, the gold plated seal should be cleaned or replaced.  

16.1.3 Ion source maintenance is usage dependent.  The type and quantity of samples 
that have been injected determine the frequency of ion source cleaning and 
filament replacement. 

16.1.4 Autosampler maintenance is primarily that of cleanliness.  Most autosamplers 
need their moving parts to be clean and lightly lubricated.  The most frequent 
corrective maintenance is that of changing the syringe, usually about once per 
month.  

16.1.5 Instrument maintenance logs are kept with each instrument and serve as a 
record of all the maintenance that has been done on the instrument. 
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16.2 Non-Routine Maintenance Procedures (Special, Operational or Failure Mode 
Maintenance) 

16.2.1 Service is provided to the instrument via the analyst, the in-house instrument 
service engineer, or a technical support specialist from the manufacturer.  
When instrument failure occurs, different parts of the instrument are isolated 
to determine the root cause.  For example, the injection port may be capped off 
if a leak is suspected to prove the leak is/is not coming from that source.  
Instrument maintenance logbooks are kept for each instrument detailing the 
type of maintenance performed on the instrument and when it was performed.  
Preventive maintenance visits are scheduled annually for the mass 
spectrometers.  

16.2.2 Analytical GC columns are clipped or replaced when the existing column 
shows signs of excessive degradation or the inability to properly resolve 
chromatographic peaks.  Excessive peak tailing, poor responses, and baseline 
disturbances may also indicate that the column needs to be replaced. 

17.0 DATA RECORDING, CALCULATION AND REDUCTION METHODS 

17.1 Data are evaluated qualitatively and quantitatively using a software program such as 
Waters MassLynx, or equivalent data system.  

17.2 Data are reviewed, and a hard copy is generated.  If manual integrations are made, a 
hard copy of the manual integration is printed and initialed by the analyst and included 
with the raw data.   

17.3 Additional supporting documentation, such as totals pages generated by the software 
may be included with the data. 

17.4  Quantitative Analysis 

17.4.1 The concentration (ng/L for aqueous, ng/g for solids) of each identified 
compound in the sample is calculated as follows: 

RFDW

Q

AA

AA
PCDFPCDD

unk

ES

ion

ES

ion

ES

ion

unk

ion

unk

21

21

/  

Where: 

Aunk and AES = the integrated area for each ion monitored. 
QES = the amount of extraction standard added to the sample in 
nanograms 
Wunk = the initial sample aliquot size, in liters for waters and in grams 
for solids. 
D = (% moisture in sample)/100, or 1 for waters 
RF  = Average RF from the ICAL for the compound 

17.4.2 The estimated detection limit (EDL) is calculated as follows: 

RFW

Q

HH

HH
EDL

unk

ES

ion

ES

ion

ES

ion

unk

ion

unk

ppt 21

21

3  

Where: 
Hunk = the height of the noise present in each ion monitored. 



Analysis of PCDD/PCDFs by HRGC/HRMS 
SOP Effective 05/18/09  CF-OA-E-002 Rev4 
Revision 4 Effective December 2009 Page 19 of 31 

CAPE FEAR ANALYTICAL, LLC 

3306 Kitty Hawk Road, Suite 120, Wilmington NC  28405 

This document is controlled when an original Set ID number is stamped on the front cover page (1).   

Uncontrolled documents do not bear an original Set ID number. 

 

HES = the height of the extraction standard peak in each ion 
monitored. 
3 = signal-to-noise factor for minimum height of peak. 

17.4.3 The estimated maximum  possible concentration (EMPC) is calculated in 
the same manner as a concentration (Section 17.4.1). 

17.4.4 The concentration of each extraction and cleanup standard is calculated as 
follows: 

RF

Q

AA

AA
ES JS

ion

JS

ion

JS

ion

ES

ion

ES

ng 21

21

 

Where: 

AES and AJS = the integrated area for each ion monitored. 
QJS = the amount of injection standard added to the sample in 
nanograms 
RF  = Average RF from the ICAL for the compound 

The cleanup standard concentration is calculated as above, substituting the 
area of the individual cleanup standard ions for the extraction standard ions. 

17.4.5 Percent recovery is calculated as follows: 

100%
ng

ng

S

R
R  

Where: 
    Rng = the amount of standard recovered in nanograms. 

Sng = the amount of standard spiked in nanograms. 
18.0 POLLUTION/CONTAMINATION 

18.1 Work area should be maintained free of dust and dirt accumulations. 
18.2 Fume hoods are utilized to remove fumes and reduce the risk of airborne 

contaminants to ensure personnel safety.  Hoods are monitored in accordance with 
CF-FC-E-003 for Fume Hood Face Velocity Performance Checks. 

18.3 The laboratory area is restricted to authorized personnel. 
19.0 DATA REVIEW, APPROVAL AND TRANSMITTAL 

19.1 A review process is used to insure the quality of the data.  Raw data are reviewed first by 
the analyst, then by a second (peer) analyst or a data validator.  When the analyst is 
satisfied that the data have been correctly processed and uploaded to the LIMS, a data 
report is generated from AlphaLIMS.  The AlphaLIMS report along with the raw data 
and supporting documentation, such as a run log and case narrative, are submitted for 
review to the data validator or another experienced analyst.  The reviewer goes through 
the raw data as if he/she was working it up for the first time and verifies that they are 
correct.  In addition, he/she must make sure that the data have been correctly entered into 
AlphaLIMS.  AlphaLIMS reports may be self-reviewed.  If errors are discovered in 
either the raw data or the AlphaLIMS report, then the two analysts should discuss the 
differences and how best to resolve them.  In some cases, the peer review process may 
uncover errors that lead to a sample being re-extracted or re-run.  In cases such as these, 
a nonconformance report (NCR) should be completed and submitted to the Quality 
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department.  It is recommended that a copy of the NCR be given to the prep analyst if it 
involves a re-extraction and that a copy be kept with the original data. 

19.2 Once the data review has been completed by the reviewer, the batch is returned to the 
analyst for corrections (if applicable) and the status is updated from REVW to DONE 
in AlphaLIMS. 

19.3 Data may be transmitted automatically to AlphaLIMS.  This automatic "upload" 
procedure may be activated prior to data review or after data review is complete.  In 
either case, the data recorded in AlphaLIMS are checked by the analyst for accuracy 
and completeness. 

20.0 CORRECTIVE ACTION FOR OUT-OF-CONTROL OR UNACCEPTABLE DATA 

Corrective action for out-of-control data may require instrument maintenance, re-analysis, 
re-extraction, or a more complex set of actions.  When troubleshooting measures fail to bring 
an analytical process or data into control, a nonconformance report and/or corrective action 
should be initiated in accordance with CF-QS-E-004 for the Documentation of 
Nonconformance Reporting and Dispositioning and Control of Nonconforming Items, and 
CF-QS-E-002 for Conducting Corrective Action. 

21.0 CONTINGENCIES FOR HANDLING THESE SITUATIONS 

Troubleshooting is used to determine the appropriate action to take when an initial or 
continuing calibration, blank and/or laboratory control sample fails to meet the acceptance 
criteria defined for the method.  Troubleshooting may involve one or more of the following 
actions: 
21.1 If analytes in a multi-point calibration fail to meet specified criteria, additional 

standards for the failing compounds may need to be reanalyzed.  If they still do not 
meet specifications, instrument maintenance or new standards may be required before 
work is continued. 

21.2 If a continuing calibration fails to meet specified criteria, instrument tuning or inlet 
maintenance may be required.  If routine maintenance procedures fail to produce a 
second consecutive calibration verification within acceptance criteria, then the 
laboratory must demonstrate acceptable performance after further corrective action 
with two consecutive calibration verifications, or a new initial calibration must be 
analyzed. 

21.3 If a method blank fails to meet defined criteria, the source of contamination should be 
found and eliminated before proceeding with analysis. 

22.0 RECORDS MANAGEMENT 

22.1 Run logs are generated for each instrument each day that the instrument is run.  These 
run logs serve as records of what is run on the instrument, including samples, QC, 
calibrations, tunes, etc.  Additional information is provided in the run log, including 
the analyst's initials, run date and time, and file name. 

22.2 Raw data are stored in the lab in filing cabinets and/or boxes as long as there is space 
available.  When space runs out, the data are boxed and sent to storage. 

22.3 All records generated as a result of this procedure are maintained as quality 
documents in accordance with CF-QS-E-008 for Quality Records Management and 
Disposition. 
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23.0 LABORATORY WASTE HANDLING AND DISPOSAL 

Sample extracts that have been run are temporarily stored in case they have to be reanalyzed.  
Once space is no longer available to keep them in the lab, they are moved to Waste Disposal 
where they are handled and disposed in accordance with the Laboratory Waste Management 
Plan, CF-LB-G-001. 

24.0 REFERENCES 

24.1 Test Methods for Evaluating Solid Waste:  Laboratory Manual Physical/ Chemical 
Methods, Volume 1B, SW-846, 3

rd
 Edition, Feb. 2007.  Method 8290A, 

“Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated Dibenzofurans 
(PCDFs) by High Resolution Gas Chromatorgraphy/ High Resolution Mass 
Spectrometry (HRGC/HRMS),” Rev. 1, Feb. 2007.  USEPA, Office of Solid Waste 
and Emergency Response, Washington, DC  20460. 

24.2 Method 1613, “Tetra- through Octa-Chlorinated Dioxins and Furans by Isotope 
Dilution HRGC/HRMS,” Rev. B, Oct. 1994.  USEPA, Office of Water, Engineering 
and Analysis Division, 401 M Street SW, Washington, D.C. 20460. 

24.3 Test Methods for Evaluating Solid Waste:  Laboratory Manual Physical/ Chemical 
Methods, Volume 1B, SW-846, 3

rd
 Edition, Feb. 2007.  Method 0023A, “Sampling 

Method for Polychlorinated Dibenzo-p-Dioxins and Polychlorinated Dibenzofuran 
Emissions From Stationary Sources,” Rev. 1, Dec. 1996.  USEPA, Office of Solid 
Waste and Emergency Response, Washington, DC  20460. 

24.4 National Environmental Laboratory Accreditation Conference (NELAC) Standard, 
July 2003.  

25.0 HISTORY 

Revision 1:  Section 15.3.1.2 added. 

Revision 2:  Absolute RT information added in 14.2.1.4; Calibration limit exceedance 
information added in section 15.3.1.2; Table 8 footnote describing RRT window adjustment 
to column used. 

Revision 3:  Method 0023A requirements added. 

Revision 4:  2378-TCDF confirmation procedure and requirements added. 
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TABLE 1:  METHOD ANALYTES AND PQLs 

 Solid/Tissues Aqueous Air CAS 

Analyte (pg/g) (pg/L) (pg) Number* 

2378-TCDD 1 10 10 1746-01-6 

12378-PeCDD 5 50 50 40321-76-4 

123478-HxCDD 5 50 50 39227-28-6 

123678-HxCDD 5 50 50 57653-85-7 

123789-HxCDD 5 50 50 19408-74-3 

1234678-HpCDD 5 50 50 35822-39-4 

OCDD 10 100 100 3268-87-9 
      

2378-TCDF 1 10 10 51207-31-9 

12378-PeCDF 5 50 50 57117-41-6 

23478-PeCDF 5 50 50 57117-31-4 

123478-HxCDF 5 50 50 70648-26-9 

123678-HxCDF 5 50 50 57117-44-9 

234678-HxCDF 5 50 50 60851-34-5 

123789-HxCDF 5 50 50 72918-21-9 

1234678-HpCDF 5 50 50 67562-39-4 

1234789-HpCDF 5 50 50 55673-89-7 

OCDF 10 100 100 39001-02-0 
 
* Chemical Abstract Services number
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TABLE 2:  MASS DESCRIPTORS 

Function Channel Mass Dwell 

Time 

I.C. Delay 

 
Function Channel Mass Dwell 

Time 

I.C. Delay 

(#) (#) (amu) (ms) (ms) 
 

(#) (#) (amu) (ms) (ms) 

1 1 303.9016 50 10 

 
3 4 380.976 (Lock) 10 

1 2 305.8987 50 10 

 
3 5 383.8639 50 10 

1 3 315.9419 50 10 

 
3 6 385.861 50 10 

1 4 304.9824 50 10 

 
3 7 389.8156 50 10 

1 5 304.9824 (Lock) 10 

 
3 8 391.8127 50 10 

1 6 317.9389 50 10 

 
3 9 401.8559 50 10 

1 7 319.8965 50 10 

 
3 10 403.853 50 10 

1 8 321.8936 50 10 

 
3 11 445.7555 50 10 

1 9 327.8847 50 10 

 
4 1 407.7818 50 10 

1 10 331.9368 50 10 

 
4 2 409.7788 50 10 

1 11 333.9339 50 10 

 
4 3 417.8253 50 10 

1 12 339.8597 50 10 

 
4 4 419.822 50 10 

1 13 341.8568 50 10 

 
4 5 423.7767 50 10 

1 14 375.8364 50 10 

 
4 6 425.7737 50 10 

2 1 339.8597 50 10 

 
4 7 430.9728 50 10 

2 2 341.8568 50 10 

 
4 8 430.9728 (Lock) 10 

2 3 351.9 50 10 

 
4 9 435.8169 50 10 

2 4 353.897 50 10 

 
4 10 437.814 50 10 

2 5 355.8546 50 10 

 
4 11 479.7165 50 10 

2 6 357.8517 50 10 

 
5 1 441.7427 50 10 

2 7 366.9792 50 10 

 
5 2 443.7398 50 10 

2 8 366.9792 (Lock) 10 

 
5 3 454.9728 50 10 

2 9 367.8949 50 10 

 
5 4 454.9728 (Lock) 10 

2 10 369.8919 50 10 

 
5 5 457.7377 50 10 

2 11 409.7974 50 10 

 
5 6 459.7348 50 10 

3 1 373.8207 50 10 

 
5 7 469.778 50 10 

3 2 375.8178 50 10 

 
5 8 471.775 50 10 

3 3 380.976 50 10 

 
5 9 513.6775 50 10 
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TABLE 3:  THEORETICAL ION RATIOS AND CONTROL LIMITS 

Level of Chlorination Theoretical Ratio 
Control Limits 

Lower Upper 
4 0.77 0.65 0.89 
5 1.55 1.32 1.78 
6 1.24 1.05 1.43 
6a 0.51 0.43 0.59 
7 1.05 0.88 1.20 
7b 0.44 0.37 0.51 
8 0.89 0.76 1.02 

a Used only for 13C-HxCDF 
b Used only for 13C-HpCDF 

 

 
 
 

TABLE 4:  1613B LIMITS FOR TETRA ONLY TESTS 

Compound Test 
Conc. 

CCAL 
Limits OPR Limits Sample 

Limits 
Name (pg/µL) (pg/µL) (pg/µL) (pg/µL) 

2,3,7,8-TCDD 10 8.2 - 12.3 7.3 - 14.6 - 
2,3,7,8-TCDF 10 8.6 - 11.6 8.0 - 14.7 - 
13C12-2,3,7,8-TCDD 100 85 - 117 25 - 141 31 - 137 
13C12-2,3,7,8-TCDF 100 76 - 131 26 - 126 29 - 140 
37Cl4-2,3,7,8-TCDD 10 8.3 - 12.1 3.7 - 15.8 4.2 - 16.4 
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TABLE 5:  INITIAL CALIBRATION CONCENTRATIONS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

  Concentration (pg/uL) 
Analyte CS-0.5 CS-2 CS-3 CS-4 CS-5 
       
2378-TCDD 0.25 2 10 40 200 
2378-TCDF 0.25 2 10 40 200 
12378-PeCDD 1.25 10 50 200 1000 
12378-PeCDF 1.25 10 50 200 1000 
23478-PeCDF 1.25 10 50 200 1000 
123478-HxCDD 1.25 10 50 200 1000 
123678-HxCDD 1.25 10 50 200 1000 
123789-HxCDD 1.25 10 50 200 1000 
123478-HxCDF 1.25 10 50 200 1000 
123678-HxCDF 1.25 10 50 200 1000 
123789-HxCDF 1.25 10 50 200 1000 
234678-HxCDF 1.25 10 50 200 1000 
1234678-HpCDD 1.25 10 50 200 1000 
1234678-HpCDF 1.25 10 50 200 1000 
1234789-HpCDF 1.25 10 50 200 1000 
OCDD 2.5 20 100 400 2000 
OCDF 2.5 20 100 400 2000 
        
Extraction Standards       
13C-2378-TCDD 100 100 100 100 100 
13C-2378-TCDF 100 100 100 100 100 
13C-12378-PeCDD 100 100 100 100 100 
13C-12378-PeCDF 100 100 100 100 100 
13C-23478-PeCDF 100 100 100 100 100 
13C-123678-HxCDD 100 100 100 100 100 
13C-123478-HxCDD 100 100 100 100 100 
13C-123478-HxCDF 100 100 100 100 100 
13C-123678-HxCDF 100 100 100 100 100 
13C-123789-HxCDF 100 100 100 100 100 
13C-234678-HxCDF 100 100 100 100 100 
13C-1234678-HpCDD 100 100 100 100 100 
13C-1234678-HpCDF 100 100 100 100 100 
13C-1234789-HpCDF 100 100 100 100 100 
13C-OCDD 200 200 200 200 200 
        
Cleanup Standards       
37Cl-2378-TCDD 0.25 2 10 40 200 
        
Injection Standards       
13C-1234-TCDD 100 100 100 100 100 
13C-123789-HxCDD 100 100 100 100 100 
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TABLE 6:  METHOD 1613B LCS LIMITS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LCS Recovery Limits 

Analyte Amount Spiked Limit 

  (pg/uL) (pg/uL) 

2378-TCDD 10 6.7-15.8 
12378-PeCDD 50 35-71 

123478-HxCDD 50 35-82 
123678-HxCDD 50 38-67 
123789-HxCDD 50 32-81 

1234678-HpCDD 50 35-70 
OCDD 100 78-144 

      
2378-TCDF 10 7.5-15.8 

12378-PeCDF 50 40-67 
23478-PeCDF 50 34-80 

123478-HxCDF 50 36-67 
123678-HxCDF 50 42-65 
123789-HxCDF 50 39-65 
234678-HxCDF 50 35-78 

1234678-HpCDF 50 41-61 
1234789-HpCDF 50 39-69 

OCDF 100 63-170 
      

13C-2378-TCDD 100 20-175 
13C-12378-PeCDD 100 21-227 

13C-123478-HxCDD 100 21-193 
13C-123678-HxCDD 100 25-163 

13C-1234678-
HpCDD 100 26-166 

13C-OCDD 200 26-397 
      

13C-2378-TCDF 100 22-152 
13C-12378-PeCDF 100 21-192 
13C-23478-PeCDF 100 13-328 

13C-123478-HxCDF 100 19-202 
13C-123678-HxCDF 100 21-159 
13C-123789-HxCDF 100 17-205 
13C-234678-HxCDF 100 22-176 

13C-1234678-HpCDF 100 21-158 
13C-1234789-HpCDF 100 20-186 

      
37Cl-2378-TCDD 10 3.1-19.1 
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TABLE 7:  METHOD 1613B ES (SAMPLES & LMB) RECOVERY LIMITS 

Compound Amount Spiked Limits 

Name (pg/µL) % 
13C12-2,3,7,8-TCDD 100 25 - 164 
13C12-1,2,3,7,8-PeCDD 100 25 - 181 
13C12-1,2,3,4,7,8-HxCDD 100 32 - 141 
13C12-1,2,3,6,7,8-HxCDD 100 28 - 130 
13C12-1,2,3,4,6,7,8-HpCDD 100 23 - 140 
13C12-OCDD 200 17 - 157 
13C12-2,3,7,8-TCDF 100 24 - 169 
13C12-1,2,3,7,8-PeCDF 100 24 - 185 
13C12-2,3,4,7,8-PeCDF 100 21 - 178 
13C12-1,2,3,4,7,8-HxCDF 100 26 - 152 
13C12-1,2,3,6,7,8-HxCDF 100 26 - 123 
13C12-2,3,4,6,7,8-HxCDF 100 28 - 136 
13C12-1,2,3,7,8,9-HxCDF 100 29 - 147 
13C12-1,2,3,4,6,7,8-HpCDF 100 28 - 143 
13C12-1,2,3,4,7,8,9-HpCDF 100 26 - 138 
37Cl4-2,3,7,8-TCDD 10 35 - 197 

 

TABLE 8:  METHOD 1613B CONTINUING CALIBRATION LIMITS 

Compound CCAL Limits Compound CCAL Limits 
Name (pg/µL) (pg/µL) Name (pg/µL) (pg/µL) 

2,3,7,8-TCDD 10 7.8 - 12.9 13C12-2,3,7,8-TCDD 100 82 - 121 
1,2,3,7,8-PeCDD 50 39 - 65 13C12-1,2,3,7,8-PeCDD 100 62 - 160 
1,2,3,4,7,8-HxCDD 50 39 - 64 13C12-1,2,3,4,7,8-HxCDD 100 85 - 117 
1,2,3,6,7,8-HxCDD 50 39 - 64 13C12-1,2,3,6,7,8-HxCDD 100 85 - 118 

1,2,3,7,8,9-HxCDD 50 41 - 61 
13C12-1,2,3,4,6,7,8-
HpCDD 100 72 - 138 

1,2,3,4,6,7,8-HpCDD 50 43 - 58 13C12-OCDD 200 96 - 415 
OCDD 100 79 - 126 13C12-2,3,7,8-TCDF 100 71 - 140 
2,3,7,8-TCDF 10 8.4 - 12 13C12-1,2,3,7,8-PeCDF 100 76 - 130 
1,2,3,7,8-PeCDF 50 41 - 60 13C12-2,3,4,7,8-PeCDF 100 77 - 130 
2,3,4,7,8-PeCDF 50 41 - 61 13C12-1,2,3,4,7,8-HxCDF 100 76 - 131 
1,2,3,4,7,8-HxCDF 50 45 - 56 13C12-1,2,3,6,7,8-HxCDF 100 70 - 143 
1,2,3,6,7,8-HxCDF 50 44 - 57 13C12-2,3,4,6,7,8-HxCDF 100 73 - 137 
2,3,4,6,7,8-HxCDF 50 44 - 57 13C12-1,2,3,7,8,9-HxCDF 100 74 - 135 
1,2,3,7,8,9-HxCDF 50 45 - 56 13C12-1,2,3,4,6,7,8-HpCDF 100 78 - 129 
1,2,3,4,6,7,8-HpCDF 50 45 - 55 13C12-1,2,3,4,7,8,9-HpCDF 100 77 - 129 
1,2,3,4,7,8,9-HpCDF 50 43 - 58 37Cl4-2,3,7,8-TCDD 10 7.9 - 12.7 
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OCDF 100 63 - 159    
TABLE 9:  METHOD 1613B RELATIVE RETENTION TIME LIMITS 

Compound RRT Reference RRT Limits 

2,3,7,8-TCDF 13C -2,3,7,8-TCDF 0.999 - 1.002 

2,3,7,8-TCDD 13C -2,3,7,8-TCDD 0.999 - 1.001 

1,2,3,7,8-PeCDF 13C -1,2,3,7,8-PeCDF 0.999 - 1.001 

2,3,4,7,8-PeCDF 13C -2,3,4,7,8-PeCDF 1.000 - 1.001 

1,2,3,7,8-PeCDD 13C -1,2,3,7,8-PeCDD 0.999 - 1.001 

1,2,3,4,7,8-HxCDF 13C -1,2,3,4,7,8-HxCDF 0.999 - 1.001 

1,2,3,6,7,8-HxCDF 13C -1,2,3,6,7,8-HxCDF 0.999 - 1.001 

1,2,3,7,8,9-HxCDF 13C -1,2,3,7,8,9-HxCDF 1.000 - 1.001 

2,3,4,6,7,8-HxCDF 13C -2,3,4,6,7,8,-HxCDF 0.999 - 1.001 

1,2,3,4,7,8-HxCDD 13C -1,2,3,4,7,8-HxCDD 1.000 - 1.001 

1,2,3,6,7,8-HxCDD 13C -1,2,3,6,7,8,-HxCDD 0.999 - 1.001 

1,2,3,7,8,9-HxCDD 13C -1,2,3,6,7,8,-HxCDD 1.006 - 1.008 

1,2,3,4,6,7,8-HpCDF 
13C -1,2,3,4,6,7,8-
HpCDF 0.999 - 1.001 

1,2,3,4,7,8,9-HpCDF 
13C -1,2,3,4,7,8,9-
HpCDF 1.000 - 1.001 

1,2,3,4,6,7,8-HpCDD 
13C -1,2,3,4,6,7,8-
HpCDD 0.999 - 1.001 

OCDF* 13C -OCDD 1.007 - 1.009 

OCDD 13C -OCDD 1.000 - 1.001 

13C -2,3,7,8-TCDF 13C -1,2,3,4-TCDD 0.995 - 0.997 

13C -2,3,7,8-TCDD 13C -1,2,3,4-TCDD 1.011 - 1.013 

37Cl -2,3,7,8-TCDD 13C -1,2,3,4-TCDD 1.011 - 1.013 

13C -1,2,3,7,8-PeCDF 13C -1,2,3,4-TCDD 1.073 - 1.075 

13C -2,3,4,7,8-PeCDF 13C -1,2,3,4-TCDD 1.093 - 1.095 

13C -1,2,3,7,8-PeCDD 13C -1,2,3,4-TCDD 1.099 - 1.101 

13C -1,2,3,4,7,8-HxCDF* 13C -1,2,3,7,8,9-HxCDD 0.970 - 0.972 

13C -1,2,3,6,7,8-HxCDF 13C -1,2,3,7,8,9-HxCDD 0.973 - 0.975 

13C -1,2,3,7,8,9-HxCDF 13C -1,2,3,7,8,9-HxCDD 1.008 - 1.010 

13C -2,3,4,6,7,8,-HxCDF 13C -1,2,3,7,8,9-HxCDD 0.986 - 0.988 

13C -1,2,3,4,7,8-HxCDD 13C -1,2,3,7,8,9-HxCDD 0.990 - 0.992 

13C -1,2,3,6,7,8-HxCDD 13C -1,2,3,7,8,9-HxCDD 0.993 - 0.994 

13C -1,2,3,4,6,7,8-HpCDF 13C -1,2,3,7,8,9-HxCDD 1.050 - 1.051 

13C -1,2,3,4,7,8,9-HpCDF C -1,2,3,7,8,9-HxCDD 1.104 - 1.106 

13C -1,2,3,4,6,7,8-HpCDD* C -1,2,3,7,8,9-HxCDD 1.085 - 1.087 

13C -OCDD C -1,2,3,7,8,9-HxCDD 1.205 - 1.207 

* Due to the use of the DB-5MS column, these compounds exhibit slightly different 
elution times, resulting in RRT limits which vary from the method.
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FIGURE 1:  2378-TCDD CHROMATOGRAPHIC SEPARATION  
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FIGURE 2:  INSTRUMENT RESOLVING POWER (EXAMPLE) 
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SECTION 1 
INTRODUCTION 

Section 1 - Introduction 
Cape Fear Analytical, LLC (CFA) is a privately 

owned environmental laboratory dedicated to providing 
personalized client services of the highest quality.  Our 
mission is to employ innovative thinking and state-of-the-
art analyses to solve analytical challenges.  Well trained 
professional personnel and modern reporting tools will 
be an integral part of the businesses success.  
Implementation of a quality control and assurance 
program will provide a focus for productive work and the 
basis of state and regulating agency certifications.    

CFA was established as an analytical testing 
laboratory in 2009.  Our analytical laboratory uses state 
of the art equipment and methods to provide data of the 
highest quality and related support services to meet the 
needs of our clients. 

This Quality Assurance Plan (QAP) provides an 
overview of our quality assurance program for analytical 
services.  Outlined in this plan are the responsibilities, 
policies, and processes essential to maintaining client 
satisfaction and our high quality of performance.  The 
Quality Manager is responsible for revising, controlling, 
and distributing the QAP.  It is reviewed and updated at 
least annually. 

Everyone on our staff is expected to understand the 
policies, objectives, and procedures that are described in 
this plan and to fully appreciate our commitment to 
quality and their respective roles and responsibilities with 
regard to quality. We also expect any analytical 
subcontractors we employ to perform in accordance with 
the quality assurance requirements delineated in this 
plan.  

This Quality Assurance Plan has been prepared 
according to the standards and requirements of the US 
Environmental Protection Agency (EPA), ANSI/ISO/IEC 
17025-2005, and the National Environmental Laboratory 
Accreditation Program (NELAP) Quality Systems 
Standards effective July 2003.   
1.1 Quality Policy 

CFA’s quality policy is a demonstrated commitment 
to excellence in professional practice and to the quality 
of the data provided to its clients.  The laboratory strives 

to provide high quality, personalized services that enable 
its clients to meet their analytical testing needs quickly 
and cost effectively.  All CFA employees are required to 
be familiar with the quality management system and the 
necessity for documentation and implementation of its 
policies and procedures in meeting client and regulatory 
requirements.  Continual improvement to effective, 
ethical implementation of all quality systems measured is 
expected throughout the laboratory operations. 

We define quality as “consistently meeting the 
needs and exceeding the expectations of our clients in a 
highly ethical manner.” As such, we strive to: 
• meet or exceed client and regulatory 

requirements 
• be technically correct and accurate 
• be defensible within contract specifications 
• provide services in a cost-effective, timely and 

efficient manner 
At CFA, quality is emphasized at every level—from the 

owners and directors down to the newest of employees. 
Management’s commitment to good professional practice 
and to the quality of our testing services for our customers 
is demonstrated by their dedication of personnel and 
resources to develop, implement, assess, and continually 
improve our technical and management operations.  

The purpose of CFA’s quality assurance program is to 
establish policies, procedures, and processes to meet or 
exceed the expectations of our clients.  To achieve this, all 
personnel that support these services to our clients are 
introduced to the program and policies during their initial 
orientation, and annually thereafter during company-wide 
training sessions.   

CFA’s management is committed to compliance with 
and continual improvement of our quality assurance 
program.  The program is designed to comply with the 
guidelines and specifications outlined in the following:  
• NELAC 2003 
• ANSI/ISO/IEC 17025-2005 
• Department of Defense Quality Systems Manual 
• Current U.S. EPA CLP statements of work for 

organic analyses  
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1.2 Quality Goals 
CFA’s primary goals are to: 

• Ensure that all measurement data generated are 
scientifically and legally defensible, of known and 
acceptable quality per the data quality objectives 
(DQOs), and thoroughly documented to provide 
sound support for environmental decisions. 

• Ensure compliance with all contractual 
requirements, environmental standards, and 
regulations established by local, state and federal 
authorities. 

Additional goals include: 
• A comprehensive quality assurance program to 

ensure the timely and effective completion of each 
measurement effort. 

• A commitment to excellence and improvement at 
all levels of the organization. 

• Early detection of deficiencies that might 
adversely affect data quality. 

• Adequate document control. 
• Effective quality assurance objectives for 

measurement systems and for quality data in terms 
of accuracy, precision, completeness, and 
comparability through the use of proven methods. 

• The establishment of procedures that 
demonstrate that the analytical systems are in a 
state of statistical control. 

• The implementation of corrective actions and 
improvements to ensure the integrity of data. 

• Reduction of data entry errors through automated 
data handling procedures.  

• The development and implementation of good 
laboratory practices and standard operating 
procedures (SOPs). 

• Ability to customize quality assurance procedures 
to meet a client’s specific requirements for data 
quality. 

• Good control of instruments, services, and 
chemical procurement. 

• A continuously capable laboratory information 
management system (AlphaLIMS). 

• Validated and documented computer hardware 
and software.  

1.3 Key Quality Elements 
A sound quality assurance program is essential to 

our ability to provide data and services that consistently 

meet our high standards of integrity. The key features of 
our program are: 
• A formal quality policy and QAP. 
• Management review. 
• Stated data quality objectives. 
• A comprehensive employee training program. 
• Ethics policy and education program. 
• Internal audits and self-evaluations. 
• A closed-loop corrective action program. 
• State-of-the-art facilities and instruments. 
• Adherence to standard operating procedures. 
• EPA/NIST traceable reference materials. 
• Electronically based document control. 
• Chain of custody and electronic sample tracking. 
• Inter-laboratory comparison programs. 
• Formal laboratory accreditations. 
• The evaluation of subcontractor laboratories. 
• Statistical controls for analytical precision and 

accuracy. 
• Replicate, method blank, matrix spike, internal 

standards, and surrogate measurements. 
• The preventive maintenance of instrumentation 

and equipment. 
• Independently prepared blind standard reference 

materials. 
• Multi-level review processes. 
• Focus on client satisfaction. 
• Electronic tracking of client commitments, 

nonconformances and corrective actions. 
• Trend analysis of nonconforming items. 

1.4 Management Reviews 
The effectiveness of the Quality System is reviewed 

at least annually by Senior Management.  These reviews 
address issues that impact quality, and the results of the 
reviews are used to develop and implement 
improvements to the system.  Records of the review 
meetings are maintained as quality documents. 
1.5 Disposition of Client Records 

In the event that the laboratory should change 
ownership, the responsibility for the maintenance and 
disposition of client records shall transfer to the new 
owners.  In the unlikely event that the laboratory ceases 
to conduct business, clients shall be notified and asked 
to provide instructions as to how their records should be 
returned or disposed.  If a client does not provide 
instructions, those records will be maintained and 
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disposed in a manner consistent with regulations and 
good laboratory practices for quality records.  
1.6 Supporting Documents 
 Our laboratory operations and the quality of our 
analytical data comply with the specifications described in 
the documents listed in Appendix A. 
1.7 Definitions 

Applicable definitions are listed in Appendix B. 
1.8 Test Methods 

The following test methods are performed at Cape Fear 
Analytical: 
• SW846 Method 8290A 
• EPA Method 1613B 
• EPA Method 1668B 
• SW846 Method 8315A 
• SW846 Method 8260B 
• EPA DLM02.1 
• EPA CBC01.1 
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SECTION 2 
ORGANIZATION, MANAGEMENT, AND PERSONNEL 

 
Section 2 - Organization, Management, and Personnel 

The chart found in Appendix C depicts our 
organization, chain of command and flow of 
responsibility.  The illustration in this appendix is 
designed to ensure the overall quality and cost efficiency 
of our company’s analytical products and services.  Our 
relationship to our parent corporation is shown by the 
dotted lines on the organizational chart in appendix C.  
We have the use of the parent corporation’s VP of 
Operations to help with items such as laboratory 
direction, the evaluation of new work, and management 
review.  CFA accesses the Quality Director of the parent 
corporation to provide help with annual quality systems 
review, allocation of additional quality resources to 
support heavy work loads in order to maintain quality, 
and vendor and subcontractor audit support.  CFA 
depends upon its parent corporation for IT support, 
maintenance of AlphaLIMS and electronic deliverables. 

Our structure is based on a customer-focused 
approach that follows a project from the point of initial 
contact to the final invoicing of work. This approach 
includes expertise in project management, sample 
receipt and custody, sample preparation and analysis, 
data review, and data packaging.  CFA’s Technical 
Director serves also as the laboratory Quality Manager.   
Our Quality Manager monitors the adherence of these 
departments to the Quality Assurance Program. 

The general responsibilities associated with the 
following position levels are discussed in this section:  
• Laboratory Director 
• Technical Director 
• Client Services Manager 
• Production Manager 
• Laboratory and Technical Staff 

An overview of CFA’s employee training protocol is 
also provided at Section 2.7. 
2.1 Laboratory Director 

The Laboratory Director is responsible for the daily 
operations of the laboratory and client services (see 
Section 2.4).  He/she is also responsible for strategic 
planning, profitability and growth, personnel 

management and business development.  Other 
responsibilities include the following: 
• Ensuring that the individuals who staff our 

technical and quality positions have the necessary 
education, training, and experience to 
competently perform their jobs. 

• Ensuring that all staff members receive ancillary 
training, as needed, to enhance performance in 
assigned positions. 

• Budgeting, staffing, managing, and equipping the 
laboratory to meet current and future analytical 
program requirements. 

• Monitoring and meeting profitability and growth 
objectives of the division. 

• Establishing and implementing short and long 
range objectives and policies that support CFA’s 
goals. 

• Overseeing the implementation and overall 
effectiveness of our Quality Assurance Plan, 
health and safety initiatives, and environmental 
programs. 

• Authorizes stop-work and the return-to-work 
orders after a major out-of-control situation 

• Managing production and cost control activities. 
• Supervising all personnel employed in the 

laboratory. 
• Ensuring development of capabilities in response 

to new or revised regulations, instrumentation and 
procedures, and quality assurance initiatives. 

• Ensuring compliance with regulatory standards, 
including ISO/IEC 17025 and the Department of 
Defense Quality Systems Manual. 

• Representing the company to the public and to 
clients. 

• Ensuring the appropriate delegation of authorities 
during periods of absence. 

The Laboratory Director also manages the 
implementation and ongoing development of our Human 
Resources.  Responsibilities include: 
• Administration, orientation, and indoctrination of 

all new employees. 
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• Administration and compliance with Federal, 
State, and Local employment regulations. 

• Sourcing candidates for all functional positions to 
maintain and strengthen the technical services 
provided by CFA. 

• Management of occupational health and safety as 
it relates to Federal, State, and OSHA regulations. 

2.2 Technical Director 
The Technical Director is ultimately responsible for 

the technical content and quality of work performed 
within each department.  Other responsibilities include: 
• Defining the minimum level of qualification, 

experience, and skills necessary for positions in 
each department. 

• Establishing and implementing policies and 
procedures that support our quality standards. 

• Ensuring that technical laboratory staff 
demonstrates initial and continuing proficiency in 
the activities for which they are responsible. 

• Documenting all analytical and operational 
activities of the laboratory. 

• Ensuring that all sample acceptance criteria are 
verified and that samples are logged into the 
sample tracking system, properly labeled, and 
stored. 

• Documenting the quality of all data reported by 
the laboratory. 

• Developing internal mechanisms and 
measurements to improve efficiency. 

• Overseeing activities designed to ensure 
compliance with laboratory health and safety 
requirements. 

• Allocating the resources necessary to support an 
effective and ongoing quality assurance program. 

• Ensuring compliance with regulatory standards, 
including ISO/IEC 17025 and the Department of 
Defense Quality Systems Manual. 

• Maintaining MDL, PQL, LOD and LOQ studies in 
the laboratory LIMs 

Due to high volume and the variety of analytical tests 
performed in the laboratory, the Technical Director  
has the assistance of a Production Manager (see 
Section 2.5). 

The Technical Director also oversees our physical 
facility, laboratory safety program, and instrumentation.  
This includes the following responsibilities: 
• Planning, evaluating, and making 

recommendations for facility maintenance. 
• Implementation of the Chemical Hygiene 

program. 
• Aiding in the Installation, maintenance, repair, and 

modification of analytical instrumentation. 
• Providing technical expertise and training in 

instrumentation operation, calibration, and 
maintenance. 

• Monitoring and ensuring regulatory compliance for 
waste management operations and off-site 
disposal. 

The Technical Director at CFA also manages the 
implementation and maintenance of our quality systems in 
a timely, accurate, and consistent manner.   These 
responsiblilties may be found in Section 3. 
2.3 Quality Systems Review 

The effectiveness of the Quality System is reviewed   
on a regular basis during management meetings, which are 
held as frequently as needed.  These meetings address 
issues that impact quality, and the subsequent discussions 
are used to design and implement improvements to the 
system.  At least annually, a management assessment of 
CFA’s Quality System is conducted and reported.  The 
Quality Manager maintains records of these assessments. 
2.4 Client Services Manager 

Project Managers (PMs) serve as primary liaisons to 
our clients.  Employees function as PMs, under the 
guidance of the Client Services Manager, to manage the 
company’s interaction with clients.  They are the client’s 
first point of contact and have responsibility for client 
satisfaction and for communicating project specifications 
and changes to the appropriate laboratory areas.  

In addition to overseeing project management, 
other responsibilities include: 
• Retaining clients and soliciting new work. 
• Managing multiple sample delivery orders and 

preparing quotes. 
• Working with clients to define analytical 

methodologies, quality assurance requirements, 
reports, deliverables, and pricing. 
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• Overseeing sample management and informing 
laboratory staff of the anticipated arrival of 
samples for analysis. 

• Conducting a review of client documents (i.e. 
quotes, invoices, routine and specialized reports). 

• Working with the accounting team on invoicing 
and collection issues. 

• Working with the Laboratory Director and 
Production Manager to project workloads and 
determine schedules. 

2.5 Production Manager 
The Production Manager is a critical link between 

project management, lab personnel, and support staff.  
He/she reports to the Laboratory Director and has the 
following responsibilities: 
• Planning and coordinating the operations of the 

laboratory to meet client expectations. 
• Scheduling sample preparation and analyses 

according to holding times, quality criteria, and 
client due dates. 

• Ensuring a multi-level review of 100% of data 
generated by the laboratory. 

• Coordinating nonconformances and corrective 
actions in conjunction with the Quality Manager. 

• Serving as a technical resource to the laboratory, 
including data review.  

• Managing special projects, reviewing new work 
proposals, and overseeing the successful 
implementation of new methods. 

• Monitoring and controlling expenses incurred by 
the laboratory such as overtime and 
consumables. 

• Providing performance and career development 
feedback to laboratory staff. 

• Ensuring compliance with regulatory standards,     
including ISO/IEC 17025 and the Department of 
Defense Quality Systems Manual. 

2.6 Laboratory and Technical Staff - General 
Requirements 

At CFA, every effort is made to ensure that the 
laboratory is sufficiently staffed with personnel who have 
the training, education, and skills to perform their 
assigned jobs competently.  

Depending upon the specific position, laboratory 
personnel are responsible for: 
• Complying with quality assurance and quality 

control requirements that pertain to their group 
and/or technical function. 

• Demonstrating a specific knowledge of their 
particular function and a general knowledge of 
laboratory operations. 

• Understanding analytical test methods and 
standard operating procedures that are applicable 
to their job function. 

• Documenting their activities and sample 
interactions in accordance with analytical methods 
and standard operating procedures. 

• Implementing the quality assurance program as it 
pertains to their respective job functions. 

• Identifying potential sources of error and reporting 
any observed substandard conditions or 
practices. 

• Identifying and correcting any problems affecting 
the quality of analytical data. 

 2.7 Employee Training 
To ensure that our clients receive the highest quality 

services possible, we train our employees in the general 
policies and practices of the company, as well as the 
specific operating procedures relative to their positions. 
We conduct and document this training according to CF-
HR-E-002 for Employee Training and CF-QS-E-017 for 
Maintaining Technical Training Records.   

New employees participate in a company orientation 
shortly after they are hired.  During orientation they 
receive information on quality systems, ethics/data 
integrity, laboratory safety, and employment practices.  
Each new employee is also provided a manual that 
reiterates our policies on equal opportunity, benefits, 
leave, conflicts of interest, employee performance, and 
disciplinary action.  Employees can access standard 
operating procedures, the Quality Assurance Plan, 
Safety, Health, and Chemical Hygiene Plan, and the 
Laboratory Waste Management Plan on CFA’s Intranet. 

Other training provided on an ongoing basis may 
include: 
• Demonstration of initial proficiency in analytical 

methods and training to SOPs conducted by a 
trainer who has been documented as qualified 
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and proficient in the process for which training is 
being provided. 

• Demonstration of continued analyst proficiency is 
updated annually, usually during the first quarter 
of each year.  Proficiency is demonstrated using 
the same processes as those used for initial 
Demonstration of Capability.  (Refer to Section 
8.3.1.) 

• Company-wide, onsite training. 
• Courses or workshops on specific equipment and 

analytical techniques. 
• University courses. 
• Professional and trade association conferences, 

seminars, and courses. 
Documentation of employee training is the joint 

responsibility of the employee and the Quality Manager 
or Production Manager.  If an SOP is revised during the 
course of the year, training to the revised SOP must be 
documented.   
2.8 Ethics and Data Integrity 

Employees attend ethics education programs that 
focus on the high standards of data integrity and ethical 
behavior mandated by our company and expected by 
our clients.   

  The annual ethics training includes: 
• Specific examples of unethical behaviors for the 

industry and for the laboratory. 
• Explanation of Internal Auditing for unethical 

behaviors and practices. 
• CFA use of electronic audit functions using 

instrument and AlphaLIMS software.  
• Examples of consequences of inappropriate or 

unethical behaviors/practices. 
All employees sign an Ethics and Data Integrity 

Agreement that reflects their commitment to always 
performing their duties with these high standards.  (Refer 
to Appendix F.) 
2.9 Confidentiality 

The laboratory maintains the confidentiality and 
proprietary rights of information including the type of 
work performed and results of analysis.  Laboratory 
personnel and staff are informed of this policy and sign a 
confidentiality agreement. 
A confidentiality statement accompanies the electronic 
transfer of data from CFA via telefacsimile (fax) or 

electronic mail systems (email).  Government affiliated 
auditing agencies have access to pertinent laboratory 
records. However, contract, third party, and client 
auditors have access only to those records that may be 
applicable to their inspection and shall not be granted 
access to client records that may be considered in 
conflict with their interests, unless prior authorization has 
been given by the submitting client.  Confidential 
information may be purged of references to client 
identity, project and/or sample identity by the 
laboratoryso that records may be provided to other 
entities (e.g. auditors) for review.
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SECTION 3 
QUALITY SYSTEMS 

 
Section 3 - Quality Systems 

Our Quality Systems include all quality assurance 
(QA) policies and quality control (QC) procedures 
necessary to plan, implement, and assess the work we 
perform.  CFA’s QA Program establishes a quality 
management system (QMS) that governs all of the 
activities of our organization. 

CFA’s quality management system is designed to 
conform to the requirements specified in the standards 
referenced in Appendix A.  Essential elements of our 
quality management system are described in this 
section. 
3.1 Quality Manager 

The Quality Manager is responsible for managing 
CFA’s Quality Assurance Program. This person 
functions independently of the systems he/she monitors.  
For the purposes of this document, CFA’s Technical 
Director assumes the role of the Quality Manager. 

Following is a summary of the responsibilities of this 
position: 
• Reports to the Laboratory Director 
• Demonstrates strict adherence to and support of the 

company ethics policy 
• Serves as management’s representative for quality 
• Responsible for the implementation and 

maintenance of the QMS 
• Responsible for ensuring communication takes 

place at all levels within CFA, pertaining to issues 
included in this section. 

• Responsible for evaluating the effectiveness of the 
quality system through various quality measures 
such as internal and external assessment, non-
conformances and management review  

• Initiates and recommends preventive action and 
solutions to quality problems 

• Implements appropriate action to control quality 
problems until solutions are implemented and 
verified to be effective 

• Verifies that effective solutions are implemented 

• Authorizes stop-work and return-to-work orders after 
a major out-of-control situation 

• Demonstrates knowledge of the Quality System as 
defined by NELAC, ANSI/ISO/IEC 17025 and DoD. 

• Plans, schedules and participates in CFA’s client 
audits, internal audits, and subcontractor audits 

• Conducts conformance audits as necessary to verify 
implementation and closure of audit action items 

• Serves as liaison to client and third party auditors 
• Coordinates laboratory responses to audit reports 

and prepares final response 
• Monitors progress of corrective actions  
• Demonstrates the ability to evaluate data objectively 

without outside influence 
• Has knowledge of analytical methods 
• Ensures the monitoring of balances and weights, 

and temperature regulation of ovens, water baths, 
and refrigerators 

• Coordinates the monitoring of DI water system and 
volatile organics storage coolers 

• Writes and reviews quality documents and standard 
operating procedures 

• Provides training in quality systems, ethics, 
confidentiality and good laboratory practices. 

• Evaluates effectiveness of training and makes 
recommendations when additional training or re-
training is required 

• Manages laboratory certification and licensing 
processes 

• Coordinates the receipt and disposition of external 
and internal performance evaluation samples. 

• Developing and evaluating quality assurance 
policies and procedures pertinent to our laboratory 
functions, and communicating these with the 
division directors and managers. 

• Ensuring that laboratory activities are in compliance 
with local, state, and federal environmental laws and 
regulations. 
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• Manage performance, evaluation and 
implementation of MDL, PQL and SPC 
determinations. 

• Reviewing project-specific quality assurance plans. 
• Performing independent quality reviews of randomly 

selected data reports and laboratory practices 
including facitilies and instruments. 

• Communicating system deficiencies, recommending 
corrective action to improve the system, and defining 
the validity of data generated during out of control 
situations. 

• Administering our document control system. 
• Designating quality systems authorities in times of 

absence to one or more appropriately 
knowledgeable individuals. 

3.2 Quality Documents 
Our Quality Systems policies and procedures are 

documented in the QA Plan (CF-QS-B-001) and other 
supporting documents. CFA’s management approves all 
company quality documents.  Pre-approval is secured for 
any departures from such documents that may affect 
quality.  Any departures are documented and provided to 
the client. 

In addition to the QA Plan, Quality Systems allows for 
QA Project Plans (QAPjP) and includes standard 
operating procedures and any other quality assurance 
program requirements defined by individual contracts.  
The QA Plan describes the quality standards that we 
apply to our laboratory operations.  We use Quality 
Assurance Project Plans to specify individual project 
requirements.  The QA Plan and supporting documents 
are verified to be understood and are implemented 
throughout the laboratory fractions to which they apply. 

Finally, our Standard Operating Procedures (SOPs) 
are used to describe in detail those activities that affect 
quality.  SOPs are prepared, authorized, changed, 
revised, released, and retired in accordance with CF-
ADM-E-001.  SOPs are accessible electronically via 
CFA’s Intranet. 
3.3 Document Control 

The control of quality documents is critical to the 
effective implementation of our Quality Systems. We 
define and control this process in accordance with CF-
DC-E-001 for Document Control.  Responsibilities for 
document control are divided between the Production 
Manager and the Quality Manager. 

The Production Manager is responsible for: 
• Supporting the development and maintenance of 

controlled documents that apply to their respective 
departments. 

• Ensuring documentation that the affected 
employees are aware of revisions to documents or 
manuals. 
The Quality Manager is responsible for: 

• Electronic maintenance of all records required for 
control, re-creation, and maintenance of analytical 
documentation. 

• Maintenance of electronic copies of archived data 
and the electronic log of how they were determined. 

• Demonstrating strict adherence to and support of 
the company ethics policy as it pertains to 
Document Control. 

• Managing the system for the preparation, 
authorization, change, revision, release, and 
retirement of the Quality Manual, QAP, project 
plans, and standard operating procedures. 

• Ensuring that current controlled documents are 
accessible via CFA’s Intranet. 

• Managing a system to document current revision 
numbers and revision dates for all distributed 
documents and manuals. 

• Managing a system to identify the nature of 
document revisions. 
Maintaining hard or electronic copies of obsolete 

documents and original copies of controlled documents. 
3.4 Controlled Document Review 

Internally generated controlled documents undergo 
a multi-level review and approval process before they 
are issued.  These levels include a procedural review, 
technical and/or quality review and final authorization by 
the appropriate manager or director.  To ensure that new 
or revised standard operating procedures are not 
implemented prematurely, SOPs are effective upon the 
date of the final approval signature.  
3.5 Review of New Work 

Prior to submitting proposals for new work, all 
available information, including but not limited to, 
statements of work (SOW), requests for proposal (RFP) 
and client communications are reviewed by the project 
manager, Quality Manager, and if necessary, the 
Laboratory Director.  This review is performed in order to 
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ascertain the appropriateness of CFA’s resources and 
facilities.    
3.6 Quality Records 

Quality records provide evidence that specified 
quality requirements have been met and documented. 
We generate them in accordance with applicable 
procedures, programs, and contracts.  Quality records 
include but are not limited to: 
• Observations 
• Calculations 
• Calibration data 
• Certificates of analysis 
• Certification records 
• Chains of custody 
• Audit records 
• Run logs, instrument data, and analytical logbooks 
• Instrument, equipment, and building maintenance 

logs 
• Material requisition forms 
• Monitoring logs 
• Nonconformance reports and corrective actions 
• Method development and start-up procedures 

including method detection limit studies  
• Technical training records 
• Waste management records 
• Standard logs 
• Software validation documentation 
• Standard Operating Procedures (SOPs) 
• Sample collection and field data 
Our quality records are: 
• Documented in a legible manner. 
• Indexed and filed in a manner conducive to ready 

retrieval. 
• Stored in a manner that protects them from loss, 

damage, and unauthorized alterations. 
• Retained and disposed in the identified time period. 

The generation, validation, indexing, storage, 
retrieval, and disposition of our quality records are 
detailed in CF-QS-E-008 for Quality Records 
Management and Disposition.  The quality records of 
subcontracted services are also required to meet the 
conditions established in this SOP. 

3.7 Internal and Supplier Quality Audits 
We conduct internal audits annually to verify that our 

operations comply with the requirements of our QA 
program and those of our clients.  We perform supplier 
audits as necessary to ensure that they too meet the 
requirements of these programs.  Both internal and 
supplier audits are conducted in accordance with CF-
QS-E-001 for the Conduct of Quality Audits. 
3.7.1 Audit Frequency 

Internal audits are conducted at least annually in 
accordance with a schedule approved by the Quality 
Manager.  Supplier audits are contingent upon the 
categorization of the supplier, and may or may not be 
conducted prior to the use of a supplier or subcontractor 
(Refer to CF-QS-E-001.)  Type I suppliers and 
subcontractors, regardless of how they were initially 
qualified, are re-evaluated at least once every three 
years. 

Additional internal and supplier audits may be 
scheduled if deemed necessary. 
3.7.2 Audit Team Responsibilities 

Internal and supplier audits are conducted by 
qualified staff under the direction of the Quality Manager.  
A qualified audit team member shall have the technical 
expertise to examine the assigned activities. 

We do not allow staff to audit activities for which they 
are responsible or in which they are directly involved.  It is 
the responsibility of the Quality Manager to ensure that 
such conflicts of interest are avoided when the audit team 
is assembled.  

Management has a significant role in the internal 
audit process, including: 
• Provision of audit personnel  
• Empowerment of the audit team with authority to 

make the audit effective 
• Development and implementation of timely 

corrective action plans 
3.7.3 Identification and verification of OFIs 

Opportunities for Improvement are identified 
conditions that may adversely affect the quality of 
products or services. Several examples of objective 
evidence are used to support an OFI, which might be 
classified as a finding, concern, observation, and/or 
recommendation. 
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The Quality Manager may initiate a 
Nonconformance Report (NCR) or Corrective Action 
Request and Report (CARR) referencing the OFI. The 
NCR or CARR is then entered into the NCR system per 
CF-QS-E-012 for NCR Database Operation. 

Implementation of a corrective action is later verified 
by a re-audit of the deficient area, review of new or 
revised documents, or, if the OFI does not warrant 
immediate action, the corrective action may be verified 
during the next scheduled audit. 
3.8 Managerial and Audit Review 

Laboratory management reviews the audit process 
at least annually.  This ensures the effectiveness of the 
corrective action plan and provides the opportunity to 
introduce changes and improvements. 

We document all review findings and corrective 
actions.  Implementation plans and schedules are 
monitored by the Quality Manager. 
3.9 Nonconformances 

Processes, materials, and services that do not meet 
specifications or requirements are defined as 
nonconforming.  Such nonconformances can include 
items developed in-house or purchased from vendors, 
samples received from clients, work in progress, and 
client reports.  

At CFA, we have a nonconformance reporting 
system (NCR) that helps us prevent the entry of 
defective goods and services into our processes and the 
release of nonconforming goods and services to our 
clients.  Our NCR system provides a means for 
documenting the disposition of nonconforming items and 
for communicating these to the persons involved in the 
process affected by the adverse condition(s). 

Nonconformances are documented according to 
CF-QS-E-004 for the Documentation of Nonconformance 
Reporting and Dispositioning and Control of 
Nonconforming Items. We regularly review SOPs, client 
complaints, and quality records, including completed 
NCRs, to promptly identify conditions that might result in 
situations or services that do not conform to specified 
quality requirements. 

Our Quality Manager processes, categorizes and 
trends nonconformances. Trending information may be 
provided to management. 

3.10 Corrective Action 
There are two categories of corrective action at CFA. 

One is corrective action implemented at the analytical and 
data review level in accordance with the analytical SOP. 
The other is formal corrective action documented by the 
Quality Manager in accordance with CF-QS-E-002. Formal 
corrective action is initiated when a nonconformance 
reoccurs or is so significant that permanent elimination or 
prevention of the problem is required. 

We include quality requirements in most analytical 
SOPs to ensure that data are reported only if the quality 
control criteria are met or the quality control measures 
that did not meet the acceptance criteria are 
documented. 

Formal corrective action is implemented according 
to CF-QS-E-002 for Conducting Corrective/Preventive  
Action and Identifying Opportunities for Improvement  
and documented according to CF-QS-E-012 for NCR 
Database Operation. 

Any employee at CFA can identify and report a 
nonconformance and request that corrective action be 
taken. Any CFA employee can participate on a corrective 
action team as requested by the Quality Manager or 
Production Manager.  The steps for conducting 
corrective action are detailed in CF-QS-E-002. 

In the event that correctness or validity of the 
laboratory’s test results is doubted, the laboratory will 
take corrective action.  If investigations show that the 
results have been impacted, affected clients will be 
informed of the issue in writing within 21 calendar days 
of the discovery.  
3.11 Performance Audits 

In addition to internal and client audits, our 
laboratory participates in annual performance evaluation 
studies conducted by independent providers. We 
routinely participate in the following types of performance 
audits: 
• Proficiency testing and other inter-laboratory 

comparisons.  
• Performance requirements necessary to retain 

certifications (Appendix D). 
• Evaluation of recoveries of certified reference and 

in-house secondary reference materials using 
statistical process control (SPC) data. 
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• Evaluation of relative percent difference between 
measurements through SPC data. 

NOTE: Once PE samples have been prepared in 
accordance with the instructions provided by the PE 
vendor, they are managed and analyzed in the same 
manner as environmental samples from clients.  The 
analytical and reporting processes for PE samples are 
not handled differently than for authentic samples.  SOP 
CF-QS-E-013 more completely describes the laboratory 
policies and practices for managing proficiency 
evaluation samples. 

We also participate in a number of proficiency 
testing programs for federal and state agencies and as 
required by contracts. It is our policy that no proficiency 
evaluation samples be analyzed in any special manner. 

Our annual performance evaluation participation 
generally includes a combination of studies that support 
the following: 
• Water Pollution (WP).  Biannual program for waste 

methodologies. 
• Water Supply (WS): Biannual program for drinking 

water methodologies. 
• MAPEP (Mixed Analyte Performance Evaluation 

Program) administered by the Department of 
Energy. 
At CFA, we also evaluate our analytical performance 

on a regular basis through statistical process control 
acceptance criteria.  Where feasible, this criterion is 
applied to both measures of precision and accuracy and 
is specific to sample matrix.  

We establish environmental process control limits for 
the LCS, MS and MSD at least annually.  CFA’s current 
process control limits are maintained in LIMS. The upper 
and lower control limits (UCL and LCL respectively) for 
precision are plus or minus three times the standard 
deviation from the mean of a series of relative percent 
differences.     For DoD QSM projects the laboratory 
initially uses the limits provided in the current DoD QSM 
tables and when unavailable, uses the laboratory derived 
limits.  When the laboratory has enough data points to 
establish statistical limits, it will derive these limits in 
accordance with its normal procedures, using DoD QSM 
project sample results.   

CFA’s procedure for establishing precision and bias 
at the LOQ is to collect data from LOQ and LOQV 
determinations until there are enough points to generate 
valid statistical limits.  These limits are reported with the 
LOQ results in data packages.  Where there is not 
adequate laboratory data available, the laboratory uses 
50 -150% for UCL and LCL, with 45% - 155% ME limits.  
CFA also measures precision through the use of matrix 
duplicates and/or matrix spike duplicates. The upper and 
lower control limits (UCL and LCL respectively) for 
precision are the same as those used for the LCS, in 
accordance with the DoD QSM.   

For non-DoD QSM projects,the upper and lower 
control limits (UCL and LCL respectively) for precision are 
plus or minus three times the standard deviation from the 
mean of a series of relative percent differences.  

Accuracy is measured through laboratory control 
samples and/or matrix spikes, as well as surrogates and 
internal standards.  The UCLs and LCLs for accuracy 
are plus or minus three times the standard deviation 
from the mean of a series of recoveries.  Specific 
Instructions for out-of-control situations are provided in 
the applicable analytical SOP. 
3.12 Essential Quality Control Measures 

Some quality control measures are method-specific. 
There are, however, general quality control measures 
that are essential to our quality system. These quality 
measures include: 
• Monitoring of negative and positive controls 
• Defining variability and reproducibility through 

duplicates 
• Ensuring the accuracy of test data including 

calibration and/or continuing calibrations, use of 
certified reference materials, proficiency test 
samples, etc. 

• Evaluating test performance using method detection 
limits and quantitation limits or range of applicability 
such as linearity 

• Selecting the appropriate method of data reduction 
• A copy of CFA’s Ethics and Integrity Agreement is 

provided in Appendix F.
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SECTION 4 
FACILITIES 

Section 4 - Facilities 
Our laboratory is designed with a full-service 

approach to handling environmental needs. The layout 
provides dedicated space for organic extractions, semi-
volatile organic analyses, volatile organic analyses and 
dioxin/PCB analyses.  

The laboratory and support offices occupy 
approximately 5,400 square feet engineered to meet the 
stringent quality control and utility requirements of the 
modern environmental laboratory.  Records are 
temporarily stored on-site then warehoused in a secured 
building off-site.  The diagram in Appendix H depicts the 
layout of the laboratories. 

Discussed in this section are: 
• Facility security 
• Utility services and deionized water 
• Prevention of contamination 
• Assessment of contamination 
4.1 Facility Security 

Our facility features secured laboratory and storage 
areas.  Restricted entry assures sample integrity and 
client confidentiality, which satisfies clients’ and potential 
national security interests. 

Visitors cannot gain entry without being escorted 
through the laboratory by authorized personnel.  A 
designated sample custodian and a bar-coded chain-of-
custody provide a second level of security. 
4.2 Utility Services 

The laboratory area is equipped with the following 
utilities: 
• Cold water 
• Hot water 
• Deionized water 
• Compressed air 
• Vacuum (at selected stations) 
• 110 Volt AC 
• 208 Volt AC (at selected stations) 
• Specialty gases (as required) 

4.2.1 Deionized Water 
We have one fully functioning deionized water 

system which services the whole laboratory.  DI water is 
made from city water flowing through a deionization 
system capable of producing 5 gallons per minute of 
Type II laboratory water. 

We monitor the unit by using the 
service/replacement indicator light on the filter 
assemblies.  Because the laboratory requires water of 
purity such that scaling of glassware and analytes of 
interest are not detected, locally purchased distilled 
water may also be used. 
4.3 Prevention of Contamination 

Work areas that are free of sample contaminants, 
constituents and measurement interferences are 
important to the generation of quality data. With this in 
mind, we designed our laboratory to prevent 
contamination and reinforce this design with good 
laboratory practices. 

In addition to keeping our work areas free of dust 
and dirt accumulations, policies and features that 
prevent or minimize contamination include: 
• Segregation of volatile and semi-volatile laboratories 

to minimize potential contamination associated with 
the use of commonly required solvents. 

• Fume hoods to remove fumes and reduce the risk of 
aerosol and airborne contaminants and personal 
safety hazards are monitored in accordance with 
CF-FC-E-003 for Fume Hood Face Velocity 
Performance Checks. 

• Restricted access to the laboratory (authorized 
personnel only). 

• Designated area for glassware preparation wherein 
all glassware used in sample prep and analysis is 
cleaned according to CF-LB-E-003 for Glassware 
Preparation. 

• Segregated storage areas for volatiles samples. 
• Production, use, and monitoring of Type II DI water. 
• Tracking and trending of any significant sample 

and/or reagent spills using the AlphaLIMS NCR 
system, allowing efficient analysis of any potential 
contamination. 
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4.4 Assessment of Contamination Levels 
We evaluate contamination resulting from the 

following sources on the basis of quality assurance and 
quality control data derived from the analytical method 
and method blanks: 
• Sample containers 
• Reagent water 
• Reagents and solvents 
• Sample storage 
• Chemical and physical interference 
• Constituent carryover during analysis 

Contamination in each of the volatile storage coolers 
is monitored by the weekly analysis of water blanks 
during periods of sample storage.  Four DI water blanks 
are placed in the cooler/freezer at the beginning of each 
month with one being analyzed each week.  If the 
concentration of any target analyte exceeds the PQL, 
corrective action is implemented to eliminate the source 
of contamination, evaluate the effect of samples stored 
in the cooler/freezer, and to notify clients, if necessary. 
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SECTION 5 
EQUIPMENT AND REFERENCE MATERIALS 

Section 5 - Equipment and Reference Materials 
 CFA’s ability to efficiently generate data that are 
reproducible, accurate, and legally defensible is 
attributable to our use of high-quality instruments, 
equipment, and reference materials. 

Provided in this section are: 
• CFA’s policies governing instruments, equipment, 

and reference materials 
• Identification of instrumentation and support 

equipment  
• Procurement protocol 
5.1 General Policies 

It is our policy to purchase instrumentation, 
equipment and high-quality reference materials that 
meet or exceed the method and regulatory requirements 
for the analyses for which we are accredited. If we need 
to use instruments or equipment not under our 
permanent control, we ensure that it also meets these 
standards.  

Instrumentation and equipment are placed into 
service on the basis of ability to meet method or 
regulatory specified operating conditions such as range 
and accuracy.  All laboratory instrumentation and testing 
equipment is maintained in accordance with standard 
operating procedures (SOPs). 

Instrumentation and equipment is used in a manner 
that assures, where possible, that measurement 
uncertainty is known and consistent with specified quality 
requirements.  Instruments and equipment are taken out 
of service and segregated or labeled as such under the 
following conditions:  
• Mishandling and/or overloading 
• Results produced are suspect 
• Demonstrated defect or malfunction 

Tagged or segregated instruments and equipment 
remain out of service until repaired and documented by 
test, calibration, or verification to perform satisfactorily.  
Instruments that are in service and normally calibrated 
prior to and during use are not tagged. 

Each item of equipment, including reference 
materials is, if appropriate, labeled, marked or otherwise  

identified to indicate its calibration status. We maintain 
records for each major item of equipment, 
instrumentation, and all reference materials significant to 
quality performance.  These records are often in the form 
of maintenance logs, which are kept in accordance with 
CF-LB-E-008 for Basic Requirements for the Use and 
Maintenance of Laboratory Notebooks, Logbooks, 
Forms, and Other Recordkeeping Devices. 

Documentation included in these records includes 
but is not limited to: 
• Equipment name 
• Manufacturer’s name 
• Type identification 
• Serial number or other unique identification 
• Date received and date placed in service (if 

available) 
• Current location 
• Condition when received (if known) 
• Manufacturer’s instruction, where available 
• Dates and results of calibrations and or verifications 
• Date of next calibration and/or verification, where 

written procedures do not specify frequency 
• Details of maintenance carried out to date and 

planned for the future 
• History of any damage, malfunction, modification or 

repair 
5.2 Instrumentation and Support Equipment 

Appendix G lists the instruments we use for the 
analysis of environmental samples.  Where feasible, our 
instruments are equipped with autosamplers that 
improve efficiency and facilitate consistent sample 
introduction to the sample detector.  They are also 
connected to an area network to facilitate data transfer. 

Devices that may not be the actual test instrument 
but are necessary to support laboratory operations are 
referred to as support equipment.  We also maintain this 
equipment in proper working order.  Support equipment 
utilized at CFA includes: 
• balances 
• ovens 
• refrigerators 
• freezers 
• water baths 
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• temperature measuring devices 
• volumetric dispensing devices 
• muffle furnaces 
• grinders and homogenizers 
• hot plates and heating mantles. 

Guidelines for the required calibration and 
evaluation of this equipment are discussed in Section 7. 

SOPs are used to describe our procedures for all 
routine analyses performed by our labs.  These 
procedures include step-by-step instructions for sample 
collection, storage, preparation, analysis, instrument 
calibration, quality control, disposal, and data reporting.   
5.3 Control of Purchased Items  

Materials, equipment, and services that affect the 
quality of our products are designated as Quality 

Materials, Equipment, and Services and are purchased 
from pre-approved suppliers whenever possible.  
Suppliers are approved and documented according to 
CF-QS-E-001 for the Conduct of Quality Audits.  

At CFA, we maintain documentation of specific quality 
requirements for materials and services.  Records that 
document the quality of a product or service may include: 
• certificates of analysis and traceability 
• verifications of chemical quality 
• inspections of equipment or materials 
• verifications or inspections of vendor product 

specifications 
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SECTION 6 
HEALTH AND SAFETY 

Section 6 - Health and Safety 
CFA maintains a safe work environment and 

promotes healthy work practices.  CF-LB-N-001 is the 
laboratory Safety, Health and Chemical Hygiene Plan.  
Procedures outlined in the plan are consistent with OSHA, 
CERCLA and the EPA.  

All employees are trained in the safety practices 
applicable to their job functions.  This training is 
conducted in accordance with CF-HR-E-002 for Employee 
Training. 
6.1 Fire Safety 

Our facility is equipped with a fire alarm system 
designed to detect smoke in all areas of the facility. 
Certain high-risk areas, such as, the cold and ambient 
storage areas, organic sample preparation lab, and 
solvent storage are additionally equipped with automatic 
halon systems.  Fire blankets and dry chemical 
extinguishers are located at strategic points throughout 

the lab.  We routinely inspect these extinguishers in 
accordance with CF-FC-E-004.  Lab personnel are trained 
in the proper use and selection of fire extinguishers.  In 
order to decrease the risk of fire, bulk solvents are stored 
in a protected outdoor corral. 
 6.2 Evacuation 

In the unlikely event of a fire (or other emergency), we 
have defined evacuation routes depicted in Appendix H.  
This diagram is posted in pertinent areas of the facility. 
6.3 Safety Equipment 
Safety equipment, including safety glasses, lab coats, 
safety goggles and protective gloves, is available to all 
employees as needed.  Eyewashes and overhead 
showers are located in the laboratory.  We routinely 
inspect these as directed in CF-FC-E-002 for Testing 
Emergency Eyewash and Shower Equipment.     
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SECTION 7 
MEASUREMENT, TRACEABILITY, AND CALIBRATION 

Section 7 - Traceability and Calibration 
Traceability of measurements and the calibration of 

testing equipment are imperative to our ability to produce 
accurate and legally defensible data. As such, we have 
implemented procedures to ensure that equipment 
calibration and measurement verification are traceable to 
nationally recognized standards. 

Where possible, calibration certificates provide 
traceability to national standards of measurement. 
Calibration certificates provide measurement results and 
any associated uncertainty of measurement, and/or a 
statement of compliance with the identified specification. 
Calibration certifications are maintained as quality 
records. 

When traceability to a national standard is not 
applicable, verification of measurement is achieved 
through inter-laboratory comparisons, proficiency tests, 
or independent analyses. 

The following measurement and traceability 
practices are described in this section: 
• Calibration criteria for support equipment 
• General requirements 
• Balances 
• Temperature-sensitive devices and temperature 

monitoring 
• Air displacement pipets 
• Instrument calibration 
• Calibration verification 
7.1 Calibration Criteria for Support Equipment 

This section addresses calibration protocols for 
support equipment, including balances, temperature -
sensitive equipment, and air displacement pipets.  The 
general criteria applicable to the calibration of support 
equipment are as follows: 
• Equipment is maintained in proper working order. 

Records of all maintenance activities including 
service calls are kept. 

• Calibrations or verifications over the entire range of 
use, using NIST-traceable references when 
available, are conducted at least annually. 

• Temperature measuring devices with digital 
readouts are calibrated quarterly. 

• Prior to use each day, balances, ovens, freezers, 
refrigerators, incubators, and water baths are 
checked with NIST-traceable references (where 
possible) in the expected use range. 

• If prescribed by the test method, additional monitoring 
is performed for a device used in a critical test (such 
as an incubator or water bath). 

• Reference standards of measurement such as 
Class S or equivalent weights or traceable 
thermometers may be used for calibration when 
demonstrated that their performance as reference 
standards will not be invalidated. 

• Reference standards of measurement are calibrated 
by a body that can provide, where possible, 
traceability to a national standard. 

• Reference standards and measuring and testing 
equipment are subject to in-service checks between 
calibrations and verifications, in accordance with 
ANSI/ISO/IEC 17025-2005. 

• Mechanical volumetric dispensing devices used for 
quantitative measurements are checked daily for 
accuracy prior to use. 

• If results of calibration and verification are not within 
the specifications for the equipment’s application, 
then: 
1. The equipment is removed from service until 

repaired 
2. Under certain conditions, a deviation curve may 

be prepared. All measurements are corrected for 
the deviation, recorded and maintained. 

7.1.1 Balances 
Our balances undergo annual calibration, 

maintenance, and cleaning. Each balance is labeled with 
a serial number, service date, date of next service, and 
signature of the service technician. 

Balances are set up, calibrated, and operated in the 
range required by the analytical method in accordance 
with CF-LB-E-002 for Balances.  Prior to using a balance, 
the analyst is responsible for checking its calibration. 

Calibration and calibration verification are performed 
using weights that are or have been calibrated against 
Class S or equivalent weights.  These weights are 
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traceable to NIST and calibrated annually by a 
calibration service provider that meets the requirements 
of the ANSI/ISO/IEC 17025-2005 standard. 

Calibration and calibration verification are recorded 
in the balance calibration logbook.  If the calibration or 
calibration verification does not meet the specified 
acceptance criteria, the balance is recalibrated.  If the 
calibration criteria are still not met, the balance is 
removed from service and tagged as such. 
7.1.2 Refrigerators, Freezers, Ovens, Water Baths, and 
Similar Devices 

Careful control of temperature is often central to the 
production of acceptable data.  Temperature excursions 
beyond the established limits may invalidate a procedure 
and the associated data.  Constant monitoring in 
accordance with CF-LB-E-004 for Temperature 
Monitoring and Documentation Requirements for 
Refrigerators, Freezers, Ovens, and Other Similar 
Devices assures us that regulatory and/or method 
temperature requirements are being met. 

We measure temperatures with thermometers that 
are verified annually against a NIST-traceable 
thermometer. The NIST traceable thermometers are 
independently verified at least annually by a verification 
service that meets the requirements of the ANSI/ISO/IEC 
17025-2005 standard.  The protocol for thermometer 
verification is described in CF-QS-E-007.  We monitor 
the temperature of the following equipment according to 
CF-LB-E-004: 
• Refrigerators and freezers used to store samples, 

standards, and other temperature-sensitive 
materials 

• Ovens 
• Water baths 

We monitor the temperatures of refrigerators and 
freezers prior to use each day.  The temperatures of 
ovens, water baths, and other devices used as part of an 
analytical process must be monitored prior to, during, 
and immediately after use. 

Temperature measurements are documented on logs 
specific to each piece of equipment.  The logs are posted 
on or near each refrigerator, freezer, water bath, oven, or 
other temperature control device.  Each log includes the 
following information: 
• Date and time of each measurement 
• Initials of person taking measurement 

• Acceptance limits for device being monitored 
• Whether device conforms with specifications at time 

of measurement 
• Name, location, and number of device being 

monitored 
• Notation of any out-of-control condition 

When the process to maintain and document 
temperatures within acceptance limits does not conform to 
specifications, a nonconformance report (NCR) is issued. 
Appropriate action is then taken to disposition the 
nonconformance according to CF-QS-E-004 for 
Documentation of Nonconformance Reporting and 
Dispositioning and Control of Nonconforming Items. 

Examples of nonconformances are: 
• Failure to maintain process temperature within 

acceptance limits 
• Failure of device to achieve calibration 
• Total failure of temperature control device 
• Failure to monitor the temperature as required 
7.1.3 Air Displacement Pipets 

Air displacement pipets offer a level of precision and 
accuracy exceeded only by Class A transfer pipets. Due 
to the use of disposable tips, these pipets eliminate the 
possibility of cross-contamination. 

We calibrate air displacement pipets quarterly using 
five replicate measurements of a frequently used volume 
setting in accordance with CF-LB-E-010 for Maintenance 
and Use of Air Displacement Pipets. 

The acceptance criteria for each measurement are 
based on the average of the five calibration 
measurements.  Tolerance limits for commonly used 
verification volumes and accuracy and precision checks 
are included in the pipet calibration logbook.  Calibrations 
are traceable to each pipet using the unique identification 
found on its label. 

If a pipet does not meet the calibration tolerance limits, 
it is removed from service until it again demonstrates 
compliance after being cleaned and/or repaired.  Analysts 
whose jobs may require the use of air displacement pipets 
are trained in their proper use and calibration. 
7.2 Instrument Calibrations 

To ensure that the data generated by an instrument 
are accurate, we calibrate the instrument using standards 
containing known concentrations of target analytes.  The 
stability of the instrument over the calibration range is 
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verified by the analysis of a continuing calibration 
verification standard (CCV) obtained from a second 
source whenever possible.  

Traceability of calibration, calibration verification, and 
other quality control standards to the recognized standard 
are documented per CF-LB-E-007 for Laboratory 
Standards Documentation.  Individual identification 
numbers are assigned to each source standard and each 
subsequent intermediate and working standard prepared. 

The identification number makes it possible to trace 
a standard to a parent standard and ultimately to the 
source standard and its Certificate of Analysis.  The date 
each standard is prepared, the protocol used in the 
preparation, the person preparing the standard, and the 
standard’s expiration date are documented in the 
appropriate standards log, maintained in AlphaLIMS.  
The information is accessible via the standard ID 
number.  

We record standard and reagent ID numbers on 
instrument run logs, analytical logbooks, sample 
preparation logs, and instrument raw data.  Calibration 
standards that are used in the analysis of a particular 
sample or group of samples can be traced to NIST, US 
EPA, or other nationally recognized standards. 
7.2.1  Initial Instrument Calibration 

Calibration procedures for specific instruments, and 
the frequencies of performance for defined methods, are 
described in the applicable operating or analytical SOP.  
Calibration is discussed in general terms in CF-QS-E-014 
and includes standard laboratory practices and formulas 
used for determinations made by these practices.  General 
guidelines include: 
• Preparation of calibration curves as specified in the 

reference method. 
• If a test method does not specify the number of 

calibration standards, the minimum number is two, 
not including blanks, with one at the lowest 
quantitation limit.  The reference SOP must 
establish the initial calibration requirements. 

• Verification of initial calibrations with a standard 
obtained from a second source (unless one is not 
available). 

7.3 Calibration Verification 
When an initial calibration curve is not established 

on the day of analysis, the integrity of the curve should 
be verified prior to sample analysis.  Verification requires 
the analysis of a standard from a second source. The 
standard concentration should be at the method-defined 
level. If not specified, a standard at a mid-level 
concentration may be used. 

If the calibration verification does not meet 
acceptance criteria, the analytical procedure is stopped 
and evaluated, and appropriate corrective measures are 
taken.  Calibration verification (CCV) must be acceptable 
before any samples are analyzed.  CCVs are analyzed 
at a frequency described in the referenced method.  If an 
instrument consistently drifts outside the acceptance 
criteria before the next calibration, the frequency is 
increased. 

If the recovery of a CCV does not meet the 
acceptance criteria and routine corrective actions fail to 
produce a second consecutive check within acceptance 
criteria, a new initial calibration curve should be 
constructed.  Analytes of interest found in corresponding 
environmental samples may be reported, however, only if 
all of these criteria are met:   

1. CCV recovery for target analyte exceeds the 
acceptance criteria (biased high) 

2. Target analyte in the environmental sample is not 
detected at a concentration exceeding the level 
required by client contract (i.e., MDL, PQL). 
Non-detects that meet these criteria are also 

referred to as "passable non-detects." 
If the CCV recovery does not meet the acceptance 

criteria, and samples are found to contain target analytes at 
concentrations above the PQL, the affected samples must 
be re-analyzed. 
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SECTION 8 
ANALYTICAL METHODS AND STANDARD OPERATING PROCEDURES 

 
Section 8 - Analytical Methods and Standard  
Operating Procedures (SOPs) 

We provide a wide array of parameters including 
dioxins/furans and PCB congeners, volatile organics and 
extractable organics.  The procedures we use to 
determine these parameters are consistently executed 
due to our extensive system of SOPs and our training 
requirements for analytical staff. 

A list of our SOPs and the analytical methods they 
represent (if applicable) is provided in Appendix I. 
Discussed here are: 
• Selection of analytical methods 
• Standard operating procedures 
• Method validation and initial demonstration of 

capability 
• Sample aliquots 
• Data verifications 
• Standard and reagent documentation and labeling 

(Refer to Section 10.1) 
• Computers and data requirements 
8.1  Selection of Analytical Method 

CFA’s Project Managers are ultimately responsible 
for selecting the test codes and methods assigned to a 
client based on client requirements and sample 
collection techniques.  In selecting methods, our goal is 
to meet the specific needs and requirements of the client 
while providing data that are scientifically valid. 

When the use of a specific test method is mandated, 
only that method is used.  If the analysis cannot be 
performed by the client-requested method, we notify the 
client.  We do not perform method substitutions without 
the client’s consent.  We recommend that clients who 
submit data to regulatory agencies also obtain the 
agency’s approval of method modifications. 

When clients have specific process or reporting 
deviations from CFA’s standard practices, the laboratory 
may document the deviations in contracts, case 
narratives and/or with specific work instructions from the 
Project Management Team to the laboratory.  Approval 
of the deviations is made after consideration of all safety 
and quality concerns have been resolved by CFA’s 
management. 

A Project Management AlphaLIMS Manual (CF-CS-
M-001) is available to assist those managing client 
projects in selecting test codes and methods and 
communicating the client’s analytical and data reporting 
specifications. 
8.2 Standard Operating Procedures (SOPs) 

We determine each parameter by the protocol 
detailed in the corresponding SOP. The defined protocol 
originates from the analytical method or methods 
referenced in the SOP and may incorporate regulatory 
and client requirements. Descriptions of the methods we 
employ can be found in: 
• EPA SW-846, 3rd Edition, Revision III 
• American Society for Testing and Materials (ASTM) 
• Standard Methods for the Examination of Water and 

Wastewater (SM) 
• Code of Federal Regulations (CFR) Titles 40 and 49 
• EPA CLP  

Laboratory sections have access to CFA’s SOPs to 
ensure that each operational system and analytical 
procedure is performed in a uniform manner.  SOPs are 
controlled according to CF-DC-E-001 for Document 
Control and are posted on the Intranet by the Quality 
Manager. 

We write and issue SOPs in accordance with CF-
ADM-E-001 for the Preparation, Authorization, Change, 
Revision, and Release of Standard Operating 
Procedures.  A technical and/or quality review is made of 
each new or revised SOP prior to its implementation. 

Technical reviews ensure that procedures are 
technically sound and method-compliant, and are 
conducted by a senior analyst or data reviewer.  The 
quality review is an independent review by a member of 
management and ensures that the quality requirements 
of the method, regulatory agencies, and CFA are 
adequately and accurately identified. 

SOPs are modified when: 
• Instruments or equipment change 
• An error is identified 
• Improvements in technology and/or reagents need 

to be incorporated 
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• Reference methods are revised or discontinued 
Proposed revisions are submitted for review on 

Documentation Initiation and Revision Request (DIRR) 
forms.  Changes are not implemented without a technical 
and quality review. 

We review our SOPs at least annually and revise 
them as necessary.  Analytical SOPs either contain or 
reference other SOPs that contain: 
• reference method 
• applicable matrix or matrices 
• method detection limit 
• scope and application including parameters to be 

analyzed 
• method summary 
• definitions 
• interferences and limitations 
• specific safety requirements 
• required equipment and supplies 
• reagents and standards 
• sample collection, preservation, shipment, and 

storage 
• quality control 
• calibration and standardization 
• procedure 
• calculations 
• method performance 
• pollution prevention 
• data assessment and acceptance criteria for quality 

control measures 
• corrective actions for out of control or unacceptable 

data 
• waste management 
• references 
• tables, diagrams, flowcharts, validation data 
• identification of any modifications we have made to 

the published procedure 
• history of changes to the SOP 
Administrative SOPs typically do not require all of the 
above sections.  CFA’s SOP CF-ADM-E-001 discusses 
more fully the laboratory practices and policies related to 
SOP creation and maintenance.  

8.3 Method Validation and Initial Demonstration of 
Capability 

An initial demonstration of method performance is 
required before a new analytical method is implemented 
and any time that there is a significant change in 
instrumentation or methodology. Exempted from this 
requirement are and any tests for which spiking solutions 
are not available. 

We conduct the initial demonstration as described in 
Section 8.3.1.  Records of initial demonstration are 
maintained in accordance with CF-QS-E-008 for Quality 
Records Management and Disposition.  These records 
are available upon request. 

After we demonstrate our ability to perform a 
specific analysis, we continue to demonstrate method 
performance through the analysis of laboratory control 
samples and performance evaluation samples.   

If spiking solutions or quality control samples are not 
available, an analyst is trained by a qualified trainer to 
conduct the analysis.  Analyst capability and proficiency 
is evaluated by the Production Manager before the 
analyst is qualified to perform the analysis on client 
samples.  The evaluation is documented and maintained 
according to CF-QS-E-017 for Maintaining Technical 
Training Records. 
8.3.1 Procedure for Initial and Continuing 
Demonstrations of Capability (IDOC and CDOC) 

We conduct initial demonstrations of capability for 
mandated analytical or EPA reference test methods 
following the procedure outlined below. This procedure is 
adapted from the EPA test method published in 40 CFR 
part 136, Appendix A and the 2003 NELAC Standard.  
IDOCs are completed whenever there is a change in 
instrument type, method or personnel. CDOCs are 
completed annually.  
Step 1:  A quality control sample is obtained from an 
outside source (if possible). If one is not available, the 
sample may be prepared internally using stock 
standards that are prepared independently from those 
used in instrument calibration.  The concentration is not 
known to the analyst. 
Step 2:  The QC sample is diluted in a volume of clean 
matrix.  Sufficient volume of the diluted QC sample is 
prepared so that at least four aliquots of the required 
method are analyzed.  Alternatively, four matrix spike 
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samples may be evaluated for levels of precision and 
accuracy. 
Step 3:  Four aliquots of the diluted quality control sample 
are prepared and analyzed according to the analytical test 
method. This may occur concurrently or over a period of 
days. 
Step 4:  With the results obtained from the analysis of 
the diluted QC sample, the average recovery (x) in the 
appropriate reporting units (such as µg/L) and the 
standard deviation of the population sample (n-1) (in the 
same units) are calculated for each parameter of 
interest. 
Step 5:  For each parameter, the standard deviation (s) 
and the average recovery (x) are compared to the 
corresponding acceptance criteria for precision and 
accuracy in the test method (if applicable) or in 
laboratory-generated acceptance criteria.  If “s” and “x” 
for all parameters meet the acceptance criteria, analysis 
of samples may begin.  If any one parameter exceeds 
the acceptance range, the performance is unacceptable 
for that parameter. 
Step 6:  When one or more tested parameters fail one or 
more of the acceptance criteria, we locate and correct 
the source of the problem and repeat the test for every 
parameter of interest. 

Other options for successful IDOCs are the following: 
• PT Study- successful analysis of a PT Sample.  The 

PT sample may be single-blind to the analyst or 
double blind to the laboratory. 

• Supervised Analysis- where other options are not 
practical, supervised analysis of a procedure may 
be used to demonstrate capability.  

• Analysis of authentic sample with results statistically 
matching those obtained by another trained analyst. 

• Other – this option may be used for certain 
personnel having sufficient analytical skills to 
develop a new procedure, as deemed appropriate 
by the supervisor or Quality Assurance personnel. 

8.4 Sample Aliquots 
When obtaining aliquots from a sample, it is 

imperative that the subsamples be representative of the 
parent sample. This ensures that the results obtained 
from the analysis of the aliquots are representative of the 
entire parent sample, not just the subsample. We employ 
different techniques to obtain subsamples.  CFA’s SOP 

for sample compositing is CF-LB-E-031.  The 
appropriate techniques for obtaining sample aliquots for 
designated analyses are discussed in the applicable 
SOPs. 
8.5 Data Verification 

All of the data we include in final reports to our 
clients undergoes extensive data verification. At CFA, we 
have a multi-level review process that takes place in all 
areas of the laboratory beginning with sample login. This 
process and the responsibilities of each level of review 
are delineated in the procedure for data review and 
packaging, CF-LB-E-005. 
8.5.1 Sample Login: 

Samples are analyzed by the methods and for the 
target analytes identified when samples are logged into 
our database.  If there is an error in this entry that is not 
promptly identified, the incorrect analytical method may 
be used or certain analytes may not be determined.  

To prevent this, the person who enters the 
information into the database is generally the client’s 
assigned Project Manager. This entered information is 
reviewed against the client confirmation letter and/or 
chain of custody.  If errors are identified, they are 
immediately corrected. 
8.5.2 Data Validation in the Laboratory 

The multi-level review process in our laboratory 
includes initial review by the analyst, a final review by the 
data reviewer, and a completeness review by the project 
manager. 

Our analytical data reviews ensure that: 
• The analytical procedures comply with current 

SOPs. 
• Quality control samples are analyzed at the 

frequency specified in the SOP or client 
specifications. 

• The acceptance criteria for quality control 
samples are met, including recoveries of matrix 
spikes and laboratory control samples, the relative 
percent difference for matrix duplicates, matrix 
spike duplicates, laboratory control sample 
duplicates, and concentrations of target analytes 
in the method blank. 

• Instrument data, run logs, and logbooks are 
reviewed to ensure that all method quality control 
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criteria were met (e.g., initial calibration and 
continuing calibration verifications). 

• Documentation is sufficient to reconstruct the 
analytical procedure. 

• Data are maintained according to CF-LB-E-008 
for Basic Requirements for the Use and 
Maintenance of Laboratory Notebooks, Logbooks, 
Forms, and Other Recordkeeping Devices. 

• Raw data are in agreement with the computer 
generated batch sheets and data reports. 

• The calculations, dilution factors, concentration 
reported, and nominal concentrations are verified. 

• Comments, qualifiers, or nonconformances for 
noncompliant or questionable data are 
documented. 

• Data generated when the analytical process 
appears to be out of statistical control are not 
reported. 

8.5.3 Validation of Data Reports and Packages 
Before data is reported to the client, the data report 

is reviewed for package accuracy, completeness, and 
client specifications. Responsibilities for review are 
dependent upon the type of report or package being 
generated.  (Refer to Section 11 for Laboratory Report 
Formats.) 

The Project Manager (PM) reviews client 
information for accuracy, completeness and the addition 
of pertinent comments made by the laboratory about the 
analysis or sample. The PM also reviews data for 
consistency as described in the Project Management 
AlphaLIMS Manual, CF-CS-M-001. 

The data validator reviews the analyst-prepared 
case narrative for accuracy and to assure its consistency 
with the information included on the certificate of 

analysis and Quality Control Summary Report.  Each 
laboratory fraction of data is reviewed by that fraction’s 
data validator.  The data are then compiled into a final 
data package. 

A minimum of 10% of all DoD ELAP data packages 
will be reviewed by the Quality Manager (or designee)  
for technical completeness and accuracy.  This review is 
not required to be performed prior to release of the data 
to the client.  The Quality Manager, or designee, must 
maintain documentation of the reviews to establish the 
minimum requirement having been met. 
8.6 Standard and Reagent Documentation and 
Labeling 

The documentation and labeling of standards and 
reagents is addressed in CF-LB-E-007 for Laboratory 
Standards Documentation, and in Section 10.1 of the 
QAP, Recordkeeping System and Design.  
8.7 Computer and Electronic Data Related 
Requirements 

Our Information Management System (IT) SOPs 
describe the way in which we manage our software 
programs and hardware systems.  Control of software 
development and modification activities is described in 
CF-IT-E-003 for Requirements, Design, Operation, 
Validation, and Removal of Hardware and Software 
Systems.  All development and revision activities are 
validated, verified, and controlled with revision software 
or other procedures prior to production use.  

Analytical software that is purchased from a vendor 
is validated and verified in accordance with CF-IT-E-005 
for Requirements, Design, Operation, Validation, and 
Removal of Applications.  Documentation requirements 
are also described in this SOP. 
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SECTION 9 
SAMPLE HANDLING, ACCEPTANCE, RECEIPT, AND INTERNAL CHAIN OF CUSTODY 

 
Section 9 - Sample Handling, Acceptance, Receipt, 
 and Internal Chain of Custody 

The way we receive and handle samples is critical 
to providing our clients with data that are of the highest 
quality and are legally defensible. We have strict policies 
that govern the acceptance and receipt of a sample, 
sample handling and integrity, maintenance of the 
internal chain of custody, and storage of the sample 
upon completion of the required analytical processes. 
This section describes the policies and practices that we 
employ, including the following: 
• Agreements to perform analysis 
• Proper labeling of submitted samples 
• Chains of custody 
• Sample receipt procedures 
• Sample tracking 
• Sample storage 
• Sample disposal 
• Emergency Sample Storage 
9.1 Agreement to Perform Analysis 

Before we accept samples, we should have an 
agreement with the client that specifies the analytical 
methods, the number of samples to be analyzed, the 
price for the analysis, the date by which the client will 
receive results, and the reporting format. Any special 
requirements the client may have, such as non-routine 
methods and reporting limits, should be part of that 
agreement. 

An agreement to perform analysis should be in one of 
three forms, further detailed in our the SOPs for Delegated 
Authoriity to Commit the Company and Request for 
Proposal (RFP) and Contract Review (CF-CO-E-002 and 
CF-CO-E-003): 
• Client confirmation letter (CCL) between the client 

and project manager for a specific group of samples.  
This letter includes the cost, turn-around time, 
requested analysis, sample matrix, number of 
samples, and type of client report. 

• Sample acceptance by the Project Manager from an 
established client based on previously agreed  

conditions and confirmed by the client's submission 
of the sample(s). 

• Contractual agreement for analytical services over a 
designated time period or project that delineates the 
agreed upon specifications. 

When the laboratory agrees to perform analyses with 
exceptional departures from normal processes, these 
exceptions are clearly defined in the client-laboratory 
agreement. 
9.2 Sample Labels and Chain of Custody Forms 

Once an agreement is established, we assume joint 
responsibility with the client to ensure that the samples 
submitted are properly labeled and accompanied by full 
and complete documentation that includes chain of 
custody and, where possible, material safety data 
sheets. Samples that are submitted without proper 
documentation may be refused. 

Sample labels should include: 
• client sample identification 
• location, date, and time of collection 
• collector’s name 
• chemical preservatives used 
• constituents of interest (if space permits) 
When requested, we ship labeled sample containers 

with appropriate preservatives and a chain of custody to 
the client for use during sample collection.  There are 
several advantages to using these containers, including: 
• Dedication of appropriate type sample container for 

the intended analyte or analytical method. 
• Proper sample preservation for analytical test 
• Traceability of bottle lot number to the 

manufacturer’s certification that the containers are 
clean and show no signs of contamination. 
Chain of custody forms include the following 

information and are initiated at the time of sample 
collection: 
• name and address of client 
• client sample identification 
• date and time of sample collection 
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• sample matrix 
• description of sampling site location 
• number of containers 
• methods, chemical and physical constituents for 

which the analyses are to be conducted 
• preservatives 
• date and signature of person who collected the 

sample 
• date of transfer and signature of person 

relinquishing sample to the laboratory. 
Our standard chain of custody forms are available to 

our clients and are included with each shipment of pre-
labeled and preserved containers. CFA chain of custody 
forms should always be used unless otherwise agreed to 
by contract. 
9.3 Sample Conditions 

In addition to properly documenting sample 
container labels and the chain of custody form, we need 
to make sure that samples meet the established 
requirements for analytical testing.  This is particularly 
critical for samples that are being analyzed to meet 
regulatory requirements. 

Samples should be collected in the appropriate type 
of container, preserved as directed, and stored under the 
conditions specified in the analytical method or 
established regulatory guidelines.  In addition, samples 
should be submitted with sufficient time to conduct the 
specified analysis within the regulatory or method 
holding time.  Aliquots should be of sufficient volume to 
perform the requested analyses.  A summary of these 
conditions and holding times for routine analyses can be 
found in Appendix J. 
9.4 Sample Receipt  

Samples submitted to us are received in a central 
sample receiving area by our sample custodian or login 
clerk.  Every sample is subject to the protocols established 
in CF-SR-E-001 for Sample Receipt, Login and Storage. 

Our sample custodian acknowledges receipt of a 
sample by signing the chain of custody and recording the 
date and time custody was transferred from the client to 
the laboratory.  The date, time, and person receiving the 
sample are also recorded on a standard or client-specific 
Sample Receipt  Checklist (SRC) form.  

The sample custodian is also responsible for noting 
the condition of a sample upon its arrival.  This 

information is recorded on both the sample chain of 
custody and the Sample Review Receipt form.  As 
detailed in CF-SR-E-001, the sample custodian should: 
• Document whether custody seals are present and 

intact on the outside of the sample cooler. 
• Inspect all sample containers for integrity. 
• Document any unusual physical damage or signs of 

tampering with custody seals. 
• Place any samples that appear to be leaking or 

have unusual odor under the fume hood while 
notifying the responsible project manager. 

• Review the chain of custody submitted by the client 
for completeness. 

• Compare descriptions and other information on the 
sample container labels to that listed on the chain of 
custody. 

• Verify the sample is within the regulatory holding 
time for the analyses. 

• Measure and record the temperature of the cooler 
using the temperature blank (if provided) or a 
representative sample container. 

• Measure and record the pH of all sample aliquots 
submitted for analyses that require chemical 
preservation to a specific pH except those submitted 
for Volatile Organic Compounds. (VOA)  The pH 
preservation of  VOA samples is verified in the 
analytical laboratory. 

• Check water samples for residual chlorine if 
dioxin/furan or PCB analysis is requested.  If residual 
chlorine is present, preserve wih sodium thiosulfate 
as directed in CF-SR-E-001, and document on the 
SRC. 

• Verify that there are adequate sample aliquots for 
the requested analyses. 

• Verify that appropriate sample containers were used 
for requested analyses. 
If the sample custodian discovers any abnormalities 

or departures from standard conditions, the PM is 
informed immediately.  The PM will then notify the client 
as quickly as possible so that a decision can be made to 
proceed with the analysis or submit another sample or 
additional sample aliquots. 

Common abnormalities or departures from standard 
conditions include: 



Quality Assurance Plan 
Cape Fear Analytical, LLC  CF-QS-B-001 Rev 4 
Revision 4 Effective February 2010  Page 31 of 63 

3306-120 Kitty Hawk Road, Wilmington, NC  28405 (910) 795-0421 
This document is controlled only when an original Set ID number appears on the cover page (1). 

Uncontrolled documents do not bear an original Set ID number. 

• Sample containers with signs of damage, leaking, or 
tampering. 

• Incomplete/missing chain of custody. 
NOTE:  If a sample has no chain of custody, the 
sample custodian should initiate one.  “INITIATED 
ON RECEIPT” should be documented on the chain 
of custody. 

• Discrepancies between the information on the chain 
of custody and the sample container labels. 

• Method or regulatory holding time is exceeded. 
• Sample is not preserved to the method or 

regulatory-required pH. 
• The sample container does not meet method or 

regulatory criteria. 
• The sample temperature exceeds or falls below the 

thermal preservation regulation or method 
requirement of 0° - 6° C. 
NOTE: If a sample is hand-delivered to the 
laboratory immediately after collection with evidence 
that the chilling process has begun (arrival on ice), 
the sample shall be deemed acceptable. 

9.5 Sample Tracking  
We track the samples we receive by a unique 

laboratory identification number that is automatically 
assigned when information pertaining to the sample is 
first entered into our database.  Pursuant to CF-SR-E-
001, the following information is entered for each sample 
received: 
• client and/or project code 
• client sample ID 
• sample matrix  
• chemical preservative (if applicable) 
• date and time of collection 
• date received 
• initials of person making entries 
• number of containers submitted for the sample 
• requested analyses 
• pertinent observations or comments affecting the 

sample analysis or rejection 
• container type 

As soon as this information is entered, AlphaLIMS 
automatically assigns a unique number to the sample 
and its containers.  We use these numbers to track the 

location of a sample container and to link to any 
subsamples and subsequent leachates and extracts. 

The unique laboratory identification number is 
printed on a durable barcode label that contains the 
client identification, sample date and time.  Once 
labeled, the sample container’s identification number is 
uploaded into the database by scanning the barcode.  
Information included in the database at the time of 
sample scanning is the container’s storage location, 
bottle type and volume, physical characteristics of the 
bottle, preservative, and the initials of the person 
entering this information.  Entering of this information 
into the database is an important part of initiating our 
electronic internal chain of custody. 
9.6 Internal Chain of Custody 

Chain of custody procedures ensure traceability and 
sample integrity.  Our legal and evidentiary chain of 
custody protocol establishes a continuous record of the 
physical possession, storage, and disposal of sample 
containers, collected samples and aliquots, and sample 
digestates or extracts. 

The internal chain of custody starts with the 
scanning of a container’s barcode label into an electronic 
database while identifying the location of the sample and 
the person having custody, or placing the sample in a 
secured storage area.  If we supply the containers, the 
chain of custody may begin when the containers are 
provided to the client. 

With regard to the internal chain of custody, a 
sample is defined as being in someone’s custody if: 
• It is in one’s actual physical possession, or 
• It is in one’s view after being in one’s physical 

possession, or 
• It is in one’s possession and then is locked up so 

that no tampering may occur, or 
• It is kept in a secured area restricted to authorized 

personnel only. 
The protocol for ensuring sample integrity using the 

internal chain of custody is detailed in CF-LB-E-012 for 
Verifying the Maintenance of Sample Integrity.  The 
electronic internal chain of custody works in conjunction 
with the chain of custody submitted by the client with a 
sample to: 
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• Account for all time associated with a sample, its 
subsamples, and extracts or digestates from the 
time the sample is received at CFA to its disposal 

• Identify all individuals who physically handled the 
sample 

• Provide evidence that the sample was stored in 
accordance with method and regulatory protocols 
The electronic internal chain of custody is stored in 

AlphaLIMS so that information demonstrating the proper 
maintenance of custody can be provided to the client on 
the data reports or electronic data deliverables. 
9.7 Sample Storage 

In order to ensure the maintenance of sample 
integrity, all aliquots are stored in secured areas 
designated for sample storage.  The storage location of 
each sample aliquot can be tracked using the internal 
chain of custody.  Areas designated for sample storage 
include: 
• Main cooler where most samples requiring 

maintenance at a temperature range of 0° - 6° C are 
stored. 

• Volatiles coolers and freezers for samples to be 
analyzed for volatile contaminants. 

• Ambient storage for samples not requiring 
refrigeration. 

• Freezers for the storage of samples requiring 
maintenance at a temperature of <-10°C (i.e. 
tissues). 
The temperature of each refrigerated sample 

storage unit is monitored daily and documented per CF-
LB-E-004 for Temperature Monitoring and 
Documentation Requirements for Refrigerators, 
Freezers, Ovens and Other Similar Devices.  In addition, 
the main cooler is monitored twenty-four hours a day by 
temperature sensor that is connected to our main 
security system.  If the temperatures exceed the required 
range, an alarm is sounded and the security system 
notifies the laboratory manager or his designee 
immediately.  This allows corrective actions to be 
initiated promptly. 

Prior to and immediately after analysis, samples and 
their leachates and extracts are stored in compliance 
with the requirements of the requested analytical 
methods and CF-SR-E-001 for Sample Receipt, Login, 
and Storage.  If a single aliquot is supplied for analyses 

by several methods, the most stringent analytical storage 
requirements are applied to the sample. 

If samples are to be analyzed for volatile organic 
compounds, they are stored in designated volatile 
coolers that are maintained at a temperature range of 
0°- 6° C.  No sample aliquots are stored in these 
refrigerators unless they are to be analyzed for volatiles. 
These storage units are monitored on a weekly basis for 
contamination by the analysis of volatile cooler storage 
blanks.  

At the beginning of each month, four 40 mL vials are 
filled with treated deionized water, which is used for 
volatile method blanks, and placed in each volatiles 
cooler.  Each week, one vial is analyzed by EPA 8260C 
and the data are reported to the Quality Department.  If 
the analysis reveals evidence of potential contamination, 
appropriate corrective actions are immediately 
implemented. 

After all analyses are complete and results are 
submitted to the client, sample aliquots are transferred to 
the sample archive area.  They are stored in this area 
until they are disposed. 
9.8 Sample Disposal 

Our policies concerning sample disposal are 
described in the Laboratory Waste Management Plan, CF-
LB-G-001 and can be divided into two categories: those 
governing the disposal of sample laboratory waste, and 
those directing the disposal of remaining sample aliquots 
after the completion of all analyses.  
9.8.1 Laboratory waste 

Unless otherwise requested by contract, laboratory 
sample waste is collected throughout the laboratory in 
designated satellite containers found in sample collection 
and accumulation areas.  Sample wastes are segregated 
based on the type of analysis by which they were 
generated and by matrix. This contains certain process 
contaminants thus decreasing the amount of waste 
material that may be labeled hazardous.  It also ensures 
that solid and aqueous wastes are not mixed. 

The composited sample wastes then undergo 
hazardous waste characterization.  The analyses allow 
CFA to properly characterize the waste according to 
EPA regulations.   

Sample waste is disposed in accordance with the 
Laboratory Waste Management Plan, CF-LB-G-001. 
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9.8.2 Remaining Sample Aliquots 
Samples not consumed during the sample preparation 

or analytical procedures are either returned to the client in 
accordance with CF-SR-E-002 for Transportation and 
Shipping of Samples and Pre-Preserved Sample 
Containers or disposed pursuant to the Laboratory Waste 
Management Plan.  Samples are returned to a client under 
the conditions and terms agreed to by contract.  A chain of 
custody listing the laboratory waste technician as the 
relinquishing party is enclosed with each set of samples 
being returned to a client.  Unless otherwise specified by 
the client, all samples are shipped by an approved package 
carrier.  The procedure for shipment is delineated in CF-
SR-E-002 for Transportation and Shipping of Samples and 
Pre-Preserved Sample Containers. 

It is our policy to hold samples for a minimum of 
thirty days after invoicing and before disposal, unless 
otherwise specified by contract or if the sample is part of 
litigation.  If the sample is part of litigation, disposal of 
the physical sample shall occur only with concurrence of 
the affected legal authority, sample data user, and/or 
client. 

When sample analyses are complete and regulatory 
and/or contractual holding times have expired, samples 
are moved from their storage locations to the sample 
archives.  Samples that are to be returned to the client or 
held for an extended time period are segregated from 
the other samples. 

When internal or client-specified storage time expires, 
samples with like matrices are composited into 
appropriate containers.  The composites are then subject 
to the same treatment and disposal protocol as described 
in 9.8.1.  Samples that are approved for disposal are 
scanned into our database and assigned the status of 
“Disposed.”  
9.9 Emergency Sample Storage 

In the event of an impending disaster (such as a 
hurricane), the laboratory will make arrangements to store 
samples and their extracts at an approved off-site facility.  
CF-QS-E-001 is used to identify acceptable storage 
facilities that meet the requirements of the laboratory 
policies pertaining to proper storage conditions and 
documented chain-of-custody.   
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SECTION 10 
RECORDS 

 
Section 10 - Records 

Our quality records provide the documentation we 
need to support analytical results and conclusions. 
Documented evidence that quality assurance and quality 
control requirements have been met is critical to 
providing data that fulfill the specifications of applicable 
procedures, programs, and contracts.  

As described in Section 3 of this Quality Assurance 
Plan (QAP), quality records include but are not limited to: 
• Observations 
• Calculations 
• Calibration data 
• Certificates of analysis 
• Certification records 
• Chains of custody 
• External, supplier, and internal audits 
• Run logs 
• Instrument data and analytical logbooks 
• Instrument, equipment and building maintenance 

logs 
• Material requisition forms 
• Monitoring logs 
• Nonconformance reports  
• Corrective actions 
• Method development and start-up procedures 

including MDL, LOD and LOQ verification studies  
• Training records 
• Waste management records 
• Standard logs 
• Software validation 
• Standard operating procedures (SOPs) 
• Sample collection and field data 

Our procedures to provide a legal and evidentiary 
chain of custody are described in Section 9 of this QAP.  
Described in this section are: 
• Recordkeeping system and design 
• Records management and storage 
• Sample handling records 
• Records of support activities 
• Analytical records 
• Administrative records 

10.1 Recordkeeping System and Design 
We manage, maintain and store our quality records 

according to CF-QS-E-008 for Quality Records 
Management and Disposition.  The protocols established in 
this document work in conjunction with those for specific 
types of records addressed in other SOPs to govern our 
record keeping system.  Our record keeping system allows 
the historical reconstruction of all laboratory activities that 
produce analytical data.  

We facilitate historical reconstruction by maintaining 
the following records and information, from the time a 
sample is received until it is disposed. 
• A master list of all employee signatures and initials is 

maintained by the Quality Manager.  This allows the 
identification of any CFA personnel who accept, 
handle, analyze, prepare, review, store, or dispose of 
a sample, its subsamples, associated data and 
reports, and other related documentation. 

• If we provide bottles and containers to a client or 
sampling personnel, these records are kept in 
accordance with CF-SR-E-002 Transportation and 
Shipping of Sample and Pre-preserved Sample 
Containers.   
The person or agency responsible for collecting a 

sample is documented on the chain of custody and 
entered into AlphaLIMS.  Other records supporting the 
acceptance of a sample may include: 
• Date and time of sample receipt 
• Person accepting sample 
• Condition of sample upon receipt 
• Client chain of custody 
• Electronically generated sample ID numbers specific 

to each sample aliquot and linked to the client’s 
sample description, sample collection and receipt 
information, and analyses to be performed. 

• Identification of each person who has custody of a 
sample, its subsamples, extracts, or leachates, as 
requested.  (This is provided through the internal 
chain of custody procedures described in Section 9.) 
Documentation that materials purchased for use in 

the analysis or preparation of samples meet 
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specifications is maintained in accordance with CF-RC-
E-001 for Receipt and Inspection of Material and 
Services. 

Records of equipment calibrations are maintained 
and traceable by date and unique ID number to a 
specific analysis.  These records include certifications of 
calibration and service that have been initialed or signed. 

Our thermometers are verified against the NIST 
traceable thermometer and records of this verification are 
maintained as described in CF-QS-E-007 for 
Thermometer Verification.  Records of the daily calibration 
verifications of our analytical balances are kept in 
accordance with CF-LB-E-002 for Balances.  The 
calibration records for our air-displacement pipets are 
maintained in pipet calibration logs specific to each pipet 
according to CF-LB-E-010 for Maintenance and Use of Air 
Displacement Pipets. 

When methods and/or regulations specify that 
samples, subsamples, extracts, and/or leachates be 
stored at designated temperatures, or when the method 
itself has temperature sensitive steps, we document those 
temperatures on monitoring logs at the frequency defined 
in the corresponding SOPs.  We can trace the specific 
storage location of a sample through the internal chain of 
custody. 

We require that the initials of all personnel 
responsible for monitoring temperatures be recorded in 
the temperature monitoring logs pursuant to CF-LB-E-
004 for Temperature Monitoring and Documentation 
Requirements for Refrigerators, Freezers, Ovens and 
Other Similar Devices.  The logs are reviewed for 
completeness in accordance with CF-QS-E-005 for 
Review of Monitoring Device Logs. 

Documentation on the instruments and equipment 
used for the analysis of samples is recorded in run logs, 
laboratory logbooks, instrument data and/or sample 
preparation logs.  Routine or corrective maintenance that 
is performed on equipment or instruments is recorded in 
the maintenance log specific to the instrument.  We 
document these records in accordance with CF-LB-E-
008 for Basic Requirements for the Use and 
Maintenance of Laboratory Notebooks, Logbooks, Forms 
and Other Recordkeeping Devices. 

The standards containing known quantities of target 
analytes that we use in instrument calibration, calibration 
verification, and as quality control samples, such as matrix 
spikes and laboratory control samples, are documented 

according to CF-LB-E-007 for Laboratory Standards 
Documentation.  These records contain the following 
information: 
• Protocol by which each standard was prepared 
• Traceability of each child standard to its parent 
• Date each standard was prepared 
• Initials of person preparing the standard 
• Expiration dates 
• Concentration of each standard 
• Certificate of Analysis, provided by the supplier (if 

available) 
This information allows us to document that the 

standards used were prepared in accordance with the 
established protocol, produced using source standards 
that meet the method and regulatory criteria, and used 
prior to their expiration date. 

If required, reagents used in the preparation, 
dilution, and analysis of samples are verified to be free of 
interferences or target analytes.  We record these 
verifications in the reagent logs in accordance with CF-
LB-E-008 for Basic Requirements for the Use and 
Maintenance of Laboratory Notebooks, Logbooks, Forms 
and Other Recordkeeping Devices. 

Analytical and sample preparation methods applied 
to each sample aliquot are documented via the internal 
chain of custody, method information, and information 
recorded in lab notebooks, sample preparation logs, run 
logs, and instrument data.  The laboratory protocol we 
employ during analysis is dictated by the SOP in effect at 
the time the sample was analyzed or prepared by a 
specific method. 

Run logs, laboratory notebooks, instrument data and 
sample preparation logs are used to document the 
preparation and analysis of samples and the associated 
instrument calibrations.  These logs and notebooks are 
governed by CF-LB-E-009 for Run Logs and CF-LB-E-
008 for Basic Requirements for the Use and 
Maintenance of Laboratory Notebooks, Logbooks, 
Forms, and Other Recordkeeping Devices.  As stated in 
these SOPs, sample preparation and analytical records 
that are not electronically generated should be: 
• Legible 
• Recorded in permanent ink 
• Corrected using one line marked through the error, 

initialed and dated 
• Initialed by the responsible party 
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We maintain electronic records for each analytical 
batch.  These records include the ID numbers of each 
client and quality control sample prepared and/or 
analyzed together, the method of preparation and 
analysis, and the matrix of the samples included in the 
batch. 

Through our electronic statistical process control 
system (SPC), the acceptance criteria applied for all 
quality control (QC) samples are stored and maintained as 
described in CF-QS-E-014.  The acceptance limits for 
target analytes are method, matrix, and time-period 
specific, which allow us to generate the criteria applied to 
QC samples associated with identified client samples. 

Our Quality Manager maintains the records of 
nonconformances and corrective actions associated with 
specific samples, batches, and processes.  We maintain 
these records according to CF-QS-E-004 for the 
Documentation of Nonconformance Reporting and 
Dispositioning and Control of Nonconforming Items, and 
CF-QS-E-002 for Conducting Corrective/Preventative 
Action and Identifying Opportunities for Improvement. 

Electronic data records are maintained in a secured 
database designed to protect the integrity of the data.  
Data that are uploaded directly from instruments and that 
are manually entered are backed up by a second 
system. 

Permanent records of electronic data deliverables 
are maintained along with the corresponding sample 
preparation and analytical data review records. This 
documentation includes the initials of the reviewer and 
date of the review. 

Records of the data we report to our clients are 
maintained in a manner that protects client confidentiality, 
as well as any potential national security concerns.  These 
records include copies of certificates of analysis, quality 
control summary reports, case narratives, CLP forms, and 
other information we provided to the client.  The copies 
may be paper or electronic. 

Records of samples being disposed or returned to 
the client are documented in accordance with CF-SR-E-
002 for Transportation and Shipping of Samples and 
Pre-Preserved Sample Containers.  Such records 
include the date samples are returned or disposed, the 
destination of the samples, and name of the person 
transferring the samples. 

10.2 Record Storage 
We store quality records in compliance with CF-QS-

E-008 for Quality Records Management and Disposition. 
The records are: 
• Stored in a secured area to maintain data integrity 

and protect client confidentiality, including any 
national security concerns. 

• Kept in areas where they are protected from fire 
loss, environmental deterioration, and, in the case of 
electronic records, electronic or magnetic sources. 

• Indexed and filed in a manner allowing for ready 
retrieval. 

• Retained for an identified period of time that equals 
or exceeds five years as determined by applicable 
law and client contract requirements. 
Electronic data records are stored on compact 

disks. 
All of the hardware and software we need to 

reconstruct data is maintained according to CF-IT-E-003 
for Requirements, Design, Operation, Validation and 
Removal of Hardware and Software Systems Used by 
CFA.  Records that are stored or generated by network 
or personal computers have either hard copy or write-
protected backup. 
10.3 Sample Handling Policy 

Records of all procedures applicable to samples are 
maintained in our possession.  These records include 
documents that pertain to: 
• Preservation, including sample container and 

holding time 
• Sample identification, receipt, acceptance or 

rejection, and login 
• Sample storage and tracking including shipping 

receipts, transmittal forms, routing and assignment 
records 

• Sample preparation (ID codes, cleanup and 
separation protocols, volumes, weights, instrument 
printouts, meter readings, calculations, reagents) 

• Sample analysis 
• Standard and reagent origin, receipt, preparation, 

and use 
• Equipment receipt, use, specification, operating 

conditions and preventive maintenance 
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• Instrument calibration frequency and acceptance 
criteria 

• Data and statistical calculations, review, 
confirmation, interpretation, assessment and 
reporting conventions 

• Method performance criteria including expected 
quality control requirements 

• Quality control protocols 
• Electronic data security, software documentation 

and verification, software and hardware audits, 
backups and records of any changes to automated 
data entries 

• Disposal of hazardous samples 
10.4 Records of Laboratory Support Activities 

In addition to sample handling records, we maintain 
the following: 
• Original raw data for calibrations, samples and 

quality control measures, including worksheets and 
data output records (chromatograms, strip charts, 
and other instrument readout records) 

• A written description of or reference to the specific 
method used, including the computational steps 
used to translate parameter observations into a 
reportable analytical value 

• Copies of final reports 
• Archived standard operating procedures 
• Correspondence relating to project-specific 

laboratory activities 
• Corrective action reports, audits and audit 

responses 
• Proficiency test results 
10.5 Analytical Records 

We document and maintain analytical records, such 
as strip charts, tabular printouts, computer data files, 
analytical notebooks, and run logs according to CF-LB-
E-008 for Basic Requirements for the Use and 
Maintenance of Laboratory Notebooks, Logbooks, 

Forms, and Other Recordkeeping Devices, and CF-LB-
E-009 for Run Logs.  

The information that is documented in analytical 
records includes:  
• Laboratory sample ID code 
• Date and time of analysis 
• Instrument ID and operating conditions/parameter 

(or reference to such data) 
• Method of analysis 
• All calculations 
• Dilutions 
• Initials of analyst or operator 
• Units of measurement 

Our policy is to produce and maintain analytical 
records that are: 
• Accurate 
• Reviewed and verified 
• Legible and understandable 
• Traceable and authentic to their source 
• Grouped in a contemporary manner with data 

entered and information recorded as it is obtained 
10.6 Administrative Records 

A number of pertinent records are maintained by the 
Quality Manager, including: 
• Staff qualifications and experience. 
• Training records, including initial demonstrations of 

proficiency.  (Refer to procedure CF-HR-E-002 for 
Employee Training.) 

• A log of names, initials and signatures for individuals 
having responsibility for initialing laboratory records. 
We monitor continuing demonstrations of proficiency 

through AlphaLIMS per CF-HR-E-002 for Employee 
Training.
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SECTION 11 
LABORATORY REPORT FORMAT AND CONTENTS 

 
Section 11 - Laboratory Report Format and Contents  

Accurate data are of little benefit to a client unless 
they are reported in a format that is easy to interpret and 
provides all pertinent information relating to the analysis 
of a sample.  At CFA, we have developed certificate of 
analysis report formats that meet the different needs of 
our clients, yet provide all of the information necessary to 
satisfy regulatory requirements while allowing for the 
interpretation of the data.  Each format provides 
accurate, clear, unambiguous and objective data. 

In addition to a certificate of analysis, a client can 
request and receive an extended data package. This 
package may include any of the following: certificates of 
analysis; summaries of quality control; case narratives; 
instrument data; sample preparation data; measurement 
traceability and calibration information; and electronic 
data deliverables. If clients require the reporting of data 
following the established contract laboratory protocol 
(CLP), we can provide a CLP-like data package that will 
meet their needs. 

It is important that the certificate of analysis format 
and data package requirements be discussed with the 
client prior to our acceptance of the samples.  Project 
Managers are responsible for establishing an agreement 
with the client concerning data reporting and the 
potential cost to the client for data packages and/or 
specialized reporting.  Our analytical data are reported to 
three significant figures unless otherwise required by 
client contract. 

Laboratory reports and data packages are stored 
and transmitted in a manner that protects client 
confidentiality and potential matters of national security. 
No reports or data packages are released to persons or 
organizations outside CFA without the express consent 
of the client. If directed by a regulatory agency or 
subpoenaed to submit documents to a court of law, we 
will notify the client of the demand and the records being 
released.  

The following elements of report formats and data 
packages are described in this section: 
• Certificates of analysis (C of A) 
• Quality control summary reports (QCSR) 

• Analytical case narratives 
• Electronic data deliverables (EDDs) 
• Types of data packages and reporting formats 
• Review of data packages and reports 
11.1 Certificates of Analysis  

We have two primary C of A report formats, Level 1 
and Level 2.  Both contain the following information 
when applicable: 
• Title 
• CFA address and phone number 
• Name of PM or person serving as the primary client 

contact 
• Barcode identification of the C of A 
• Number of page and total number of pages 
• Name and address of client, where appropriate 
• Project name or code if applicable 
• Client-provided sample description 
• Unique laboratory ID number for the sample 
• Sample matrix 
• Characterization and condition of the sample where 

relevant 
• Date of receipt of sample 
• Date and time of sample collection, if provided 
• Date and time of sample analysis, reanalysis, and/or 

sample preparation 
• Initials of analyst and person responsible for sample 

prep 
• Analytical batch number 
• Sample analysis and preparation methods (or 

unambiguous description of any non-standard 
method used) 

• Reference to sampling procedure 
• Additions to or deviations or exclusions from the test 

method, and other information relevant to a specific 
test, such as environmental conditions and the use 
and meaning of data qualifiers  

• Nonconformances that affect the data 
• Whether data are calculated on a dry weight or wet 

weight basis 
• Identification of the reporting units, such as µg/L or 

mg/kg 
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• Statement of the estimated uncertainty of the test 
result, if applicable 

• Signature and title of the person(s) accepting 
responsibility for the content of the C of A 

• Date C of A was issued 
• Clear identification of data provided by outside 

sources, such as air temperature or ambient water 
temperature  

• Identification of the reporting limit (RL) or practical 
quantitation limit (PQL) for each analyte, if 
applicable. 
If a portion of the sample analysis is subcontracted, 

the C of A will identify the subcontractor or applicable 
accreditation number, and the data that was determined 
by the subcontracting laboratory. 
Level 2 Certificates of Analysis contain the following 
additional information:  
• Dilution factors 
• Method detection limits 
• Surrogate recoveries and the acceptance criteria for 

all organic analyses 
• Estimated concentrations determined for nondetects 

and appropriate "U" and "J" qualifiers for nondetects 
and concentrations that fall between the MDL and 
PQL respectively. 
Once issued, a C of A is not altered unless a 

subsequent C of A is identified as a revised report. 
11.2 Quality Control Summary Report (QCSR) 

The quality control data that demonstrate the sample 
preparation and/or analytical efficiency of the batch are 
summarized on a QCSR.  The data reported on the QCSR 
may be limited to a sample delivery group contained in the 
batch or may include all quality control for the batch. 
Information reported on QCSR includes: 
• Quality control sample ID number 
• Type of quality control sample  
• Concentrations determined, where applicable, for 

method blanks, matrix spikes, matrix spike 
duplicates, matrix duplicates, laboratory control 
samples, serial dilutions, and laboratory control 
sample duplicates 

• Acceptance criteria for matrix spikes, matrix spike 
duplicates, matrix duplicates, laboratory control 
samples, and laboratory control sample duplicates 

• Nominal concentrations of matrix spikes, matrix 
spike duplicates, LCSs, and LCS duplicates 

• Concentration of parent sample for the matrix 
spikes, matrix spike duplicates, or sample duplicates 

• Percent recoveries for LCS and matrix spikes 
• Relative percent differences for the matrix spike 

duplicates, matrix duplicates, and LCS duplicates 
• Analytical batch number with which the quality 

control data is associated 
• Parent sample numbers for matrix spikes, matrix 

duplicates, and matrix spike duplicates 
• Sample or sample delivery group ID  
• Project code 
• Date issued, page numbers/total number of pages 
• Identification of recoveries or relative percent 

differences that do not meet the acceptance criteria 
11.3 Analytical Case Narratives 

Analytical case narratives are written by an analyst 
or data validator to describe the overall conditions 
affecting the analysis of a batch or a specific sample in 
the batch.  Case narratives usually include: 
• Sample delivery group ID number 
• Analytical batch number 
• Methods of preparation and analysis 
• Sample matrix 
• Initial of person preparing and/or reviewing the 

narrative 
• Specific sample ID numbers  
• Identification and description of batch quality control 

samples including parent sample identification 
• Affirmation that all sample preparation conditions 

specified by the method or regulatory agencies were 
met or identification of specific deviations 

• Affirmation that all analysis criteria specified by the 
method or regulatory agencies were met or 
identification of specific deviations 

• Instrumentation employed if applicable and 
verification of its calibration 

• Summary of batch quality control as compared to 
acceptance criteria 

• Identification of nonconformances 
• Pertinent comments and observations of factors that 

affect sample data quality 
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11.4 Electronic Data Deliverables (EDDs) 
Electronic data deliverables are generated 

according to client specifications.  EDDs use programs 
supplied by the client or created internally by our EDD 
team.  Internally generated EDDs are usually written in 
Perl and/or PL/SQL. 
11.5 Types of Data Packages and Reports 

We offer three levels of data reports and the ability 
to design packages to meet the needs of our clients.  
The levels of data reports are summarized in Table 1. 

Table 1: Data Report Formats 
Level  Contents 

1 Level 1 C of A 
2 Level 2 C of A plus QCSR, 

narratives, and any required 
QC forms 

3 Level 2 plus raw data 

If a client so requests, the above reports can be 
accompanied by EDDs, case narratives, copies of 
associated nonconformance reports, and other support 
documentation.  The client’s specific requirements are 
communicated to the laboratory and data reviewers 
through AlphaLIMS.   

CFA’s SOP CF-CS-E-002 for The Internal Review of 
Contractually Required Quality Criteria for Client Package 
Delivery defines preparation and review of the package. 
11.6 Review of Data Reports, EDDs, and Data 
Packages 

Level 1 and Level 2 data reports are reviewed for 
accuracy and completeness by the PM .  Level 3 data 
packages are reviewed in the laboratory by a data 
reviewer, who is responsible for reviewing specific 
fractions of the data package for accuracy, consistency, 
and completeness in accordance with the SOP for that 
lab area. 
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SECTION 12 
SUBCONTRACTING ANALYTICAL SAMPLES AND OUTSIDE SUPPORT SERVICES 

 
Section 12 - Subcontracting Analytical Samples and 
Outside Support Services 

The subcontracting of samples to other facilities 
may occur when:  
• The client has requested analytical services for 

which we are not certified or do not offer as a 
routine product.  

• The regulatory or method holding times and/or client 
due dates are in danger of not being met as the 
result of instrument malfunction or the unexpected 
influx of a large group of samples. 
No samples are subcontracted without the client’s 

consent.  The laboratories selected to receive 
subcontracted samples are expected to meet the 
following criteria:  
• Demonstrated technical capability to provide data 

that meet and conform to our quality standards. 
• Established certification, if available, for the 

requested analyses. 
• Successful proficiency evaluation results, if 

available. 
• Commitment to meet time requirements for delivery 

of results to the client. 
• Agreement to provide all documentation requested 

in conjunction with the analysis. 

• NELAP or ISO/IEC 17025 accreditation for the 
analysis if required by the client. 
We audit potential subcontractors for technical and 

administrative compliance as directed in CF-QS-E-001 
for Conduct of Quality Audits.  An audit may be in the 
form of a book/desk audit or an on-site review. 

If there is evidence of a technical, administrative, or 
quality deterioration, the laboratory is removed from our 
list of approved subcontractor laboratories pending 
further evaluation, which may include an on-site audit. 
Once the laboratory again demonstrates compliance with 
CFA’s standards, it can be reclassified as an approved 
subcontractor laboratory.  

At CFA, we have a multi-faceted and trained staff. 
There are occasions, however, when it may be necessary 
to obtain the services of professionals outside of CFA. 
This may be due to such things as sample workload, 
introduction of a new instrument or method requiring 
special knowledge, or employee leave of absence.  

Any outside support services or service personnel are 
subject to the same scrutiny as a subcontract laboratory. If 
a service fails to meet our standards for excellence, the 
appropriate parties are promptly notified. If immediate 
corrections are not implemented and services are not of 
adequate quality to maintain confidence, the contract is 
canceled.   
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SECTION 13 
CLIENT SATISFACTION 

 
Section 13 - Client Satisfaction 

Meeting the needs and expectations of our clients is 
essential to meeting our commitment to be the 
environmental laboratory of first choice.  An important 
part of meeting this commitment involves receiving and 
resolving client concerns and complaints.  

Client complaints that question the quality of 
laboratory data or data deliverables are directed to 
Quality Systems.  These concerns are responded to with 
input from the laboratory, or support group as may be 
needed.  

The types of complaints, area(s) affected, and any 
impacts on quality are trended on a quarterly basis.  This 
information is available to management at any time. 

We use AlphaLIMS to monitor client complaints, 
nonconformances and corrective actions.  Every complaint 
is entered into the system upon receipt and assigned an 
internal and external due date.  The external due date is 
often established by client contract.  The internal due date 
allows time for the Quality Manager to review the 
response and transmit it to the client on or before the due 
date. 

If we notice a trend that significantly affects the quality 
of our data, a corrective action is initiated following CF-QS-
E-002 for Conducting Corrective/Preventive Action and 
Identifying Opportunities for Improvement. The 
implementation and verification of the corrective action 
affirms an effective and permanent solution.   Corrective 
Action investigations are verified for effective 
implementation during subsequent internal audits of the 
laboratory area where changes were made. 

 
 



  Quality Assurance Plan 
Cape Fear Analytical, LLC  CF-QS-B-001 Rev 4 
Revision 4 Effective February 2010  Page 43 of 63 

3306-120 Kitty Hawk Road, Wilmington, NC  28405 (910) 795-0421 
This document is controlled only when an original Set ID number appears on the cover page (1). 

Uncontrolled documents do not bear an original Set ID number. 

APPENDIX A:  REFERENCES 
 
• National Environmental Laboratory Accreditation Program, (NELAP), 2003 NELAC Standard 
• 40 CFR Part 136, October 1984, Part VII, EPA 600 Series Methodologies for the Analysis of Organic 

Contaminants. 
• EPA Requirements for Quality Assurance Project Plans (QAPPs), US EPA QA/R5. 
• US Department of Defense Quality Systems Manual for Environmental Laboratories, Versions 3 and 

4.1. 
• ANSI/ISO/IEC 17025-2005 
• DOE G414/1 – 3, 11/3/04 Suspect and Counterfeit Items 
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APPENDIX B:  DEFINITIONS 
The following definitions are used throughout the text of our Quality Systems Plan.  These definitions were reprinted 
from “Definitions for Quality Systems,” NELAC, July 1, 1999.The original source of each definition is provided. 
AlphaLIMS:  CFA’s Laboratory Information Management System. 
Acceptance Criteria:  Specified limits placed on characteristics of an item, process, or service defined in the 
requirement documents. (ASQC) 
Accreditation:  The process by which an agency or organization evaluates and recognizes a program of study or an 
institution as meeting certain predetermined qualifications or standards, thereby accrediting the laboratory. In the 
context of the National Environmental Laboratory Accreditation Program (NELAP), this process is a voluntary one.  
(NELAC) 
Accuracy:  The degree of agreement between an observed value and an accepted reference value.  Accuracy 
includes a combination of random error (precision) and systematic error (bias) components which are due to 
sampling and analytical operations; a data quality indicator.  (Glossary of Quality Assurance Terms, QAMS, 8/31/92) 
Aliquot:  A discrete, measured, representative portion of sample taken for analysis. (DoD, EPA QAD Glossary) 
Analyst:  The designated individual who performs the “hands-on” analytical methods and associated techniques and 
who is the one responsible for applying required laboratory practices and other pertinent quality controls to meet the 
required level of quality.  (NELAC) 
Analyte:  The specific chemicals or components for which a sample is analyzed; may be a group of chemicals that 
belong to the same chemical family, and are analyzed together.  (EPA Risk Assessment Guide for Superfund, OSHA 
Glossary) 
Analytical Detection Limit:  The smallest amount of an analyte that can be distinguished in a sample by a given 
measurement procedure throughout a given confidence interval.  (NELAC Quality Systems Committee) 
Analytical Reagent (AR) Grade:  Designation for the high purity of certain chemical reagents and solvents given by 
the American Chemical Society.  (NELAC Quality Systems Committee) 
ANSI:  American National Standards Institute--this consensus standards body approves standards as a guide to aid 
the manufacturer, the consumer and the general public who may be concerned with its scope and provisions. 
Audit:  A systematic evaluation to determine the conformance to quantitative and qualitative specifications of some 
operational function or activity.  (EPA-QAD) 
Batch:  Environmental samples prepared and/or analyzed together with the same process and personnel using the 
same lot(s) of reagents.  A preparation batch is composed of one to 20 environmental samples of the same 
NELAC-defined matrix, meeting the above mentioned criteria and with a maximum time between the start of 
processing of the first and last sample in the batch to be 24 hours.  An analytical batch is composed of prepared 
environmental samples (extracts, leachates or concentrates) that are analyzed together as a group using the same 
calibration curve or factor. An analytical batch can include prepared samples originating from various environmental 
matrices and can exceed 20 samples. (NELAC Quality Systems Committee) 
Blank:  A sample that has not been exposed to the analyzed sample stream in order to monitor contamination during 
sampling, transport, storage or analysis. The blank is subject to the usual analytical and measurement process to 
establish a zero baseline or background value and is sometimes used to adjust or correct routine analytical results.  
NOTE:  Blank correction is not performed on organic analytes. (ASQC) 
Blind Sample:  A subsample for analysis with a composition known to the submitter. The analyst/laboratory may 
know the identity of the sample but not its composition. It is used to test the analyst’s or laboratory’s proficiency in the 
execution of the measurement process. (NELAC) 
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Calibrate:  To determine, by measurement or comparison with a standard, the correct value of each scale reading on 
a meter or other device, or the correct value for each setting of a control knob. The levels of the applied calibration 
standard should bracket the range of planned or expected sample measurements.  (NELAC) 
Calibration:  The set of operations that establish, under specified conditions, the relationship between values 
indicated by a measuring device, or the correct value of each setting of a control knob.  The levels of the applied 
calibration standard should bracket the range of planned or expected sample measurements.  (NELAC) 
Calibration Curve:  The graphical relationship between the known values, such as concentrations, of a series of 
calibration standards and their analytical response.  (NELAC) 
Calibration Standard:  A substance or reference material used to calibrate an instrument.  (QAMS) 
Certified Reference Material (CRM):  A reference material, one or more of whose property values are certified by a 
technically valid procedure, accompanied by or traceable to a certificate or other documentation that is issued by a 
certifying body. (ISO Guide 30 - 2.2) 
Chain of Custody:  A record that documents the possession of the samples from the time of collection to receipt in 
the laboratory.  This record generally includes:  the number of and types of containers; the mode of collection; 
collector; time of collection; preservation; and requested analyses.  (NELAC Quality Systems Committee) 
Confirmation:  Verification of the presence of a component through the use of an analytical technique that differs 
from the original test method. These may include:  (NELAC) 

Second column confirmation 
Alternate wavelength 
Derivatization 
Mass spectral interpretation 
Alternative detectors or 
Additional cleanup procedures 

Corrective Action:  Action taken to eliminate the causes of an existing nonconformity, defect, or other undesirable 
situation in order to prevent recurrence. (ISO 8402) 
Data Audit:  A qualitative and quantitative evaluation of the documentation and procedures associated with 
environmental measurements to verify that the resulting data are of acceptable quality (i.e., that they meet specified 
acceptance criteria).  (NELAC) 
Data Reduction:  The process of transforming raw data by arithmetic or statistical calculations, standard curves, 
concentration factors, etc., and collation into a more useful form.  (EPA-QAD) 
Detection Limit:  The lowest concentration or amount of the target analyte that can be determined to be different 
from zero by a single measurement at a stated degree of confidence. Refer to Method Detection Limit.  (NELAC) 
Document Control:  The act of ensuring that documents (and revisions thereto) are proposed, reviewed for 
accuracy, approved for release by authorized personnel, distributed properly, and controlled to ensure use of the 
correct version at the location where the prescribed activity is performed. (ASQC) 
Duplicate Analyses:  The analyses or measurements of the variable of interest performed identically on two 
subsamples of the same sample. The results from duplicate analyses are used to evaluate analytical or 
measurement precision but not the precision of sampling, preservation or storage internal to the laboratory.  (EPA-
QAD) 
Holding Time (Maximum Allowable Holding Time):  The maximum time that samples may be held prior to analysis 
and still be considered valid. (40 CFR Part 136) 
Initial and Continuing Demonstrations of Capability:  Procedures to establish the ability of the laboratory to 
generate acceptable accuracy and precision which is included in many of the EPA’s analytical test methods. In 
general, the procedure includes the addition of a specified concentration of each analyte in each of four separate 
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aliquots of laboratory pure water or authentic samples. These are carried through the analytical procedure and the 
percent recovery and the standard deviation are compared to specified limits. (40 CFR Part 136, 2003 NELAC) 
Internal Standard:  A known amount of standard added to a test portion of a sample and carried through the entire 
measurement process as a reference for evaluating and controlling the precision and bias of the applied analytical 
test method.  (NELAC) 
ISO/IEC 17025:  The International Organization for Standardization and International Electrotechnical Commission 
form this specialized system for worldwide standardization.  Members of ISO or IEC participate in the development of 
International Standards through technical committees established by their organization to deal with particular fields of 
activity.  Other international organizations, government and non-government, also take part in development of these 
standards.  The ANSI/ISO/IEC 17025-2005 is approved as an American National Standard and covers general 
requirements for the competence of testing and calibration laboratories. 
Laboratory:   A body that calibrates and/or tests. 

1.  In cases where a laboratory forms part of an organization that carries out other activities besides calibration 
and testing, the term “laboratory” refers only to those parts of that organization that are involved in the 
calibration and testing process. 

2.  As used herein, the term “laboratory” refers to a body that carries out calibration or testing at or from a 
permanent location, from a temporary facility, or a mobile facility.  (ISO 25) 

Laboratory Control Sample (LCS):  A sample matrix, free from the analytes of interest, spiked with verified known 
amounts of analytes from a source independent of the calibration standards or a material containing known and 
verified amounts of analytes. It is generally used to establish intra-laboratory or analyst specific precision and bias to 
assess the performance of all or a portion of the measurement system. (NELAC) 
Laboratory Duplicate:  Aliquots of a sample taken from the same container under laboratory conditions and 
processed and analyzed independently.  (NELAC Quality Systems) 
Limit of Detection (LOD):  An analyte, method and matrix specific estimate of the minimum amount of a substance 
that can be reliably detected.  CFA has established LOD = 2 x MDL. 
Limit of Quantitation (LOQ): An analyte, method and matrix specific estimate of the minimum amount of a 
substance that can be reported with a specific level of confidence.  The LOQ is set at or above the concentration of 
the lowest initial calibration standard. The laboratory  must empirically demonstrate precision and bias at the LOQ. 
The LOQ and associated precision and bias must meet client requirements and must be reported.  

CFA uses the following guidance (LOD < LOQ): 
When LOD < PQL, PQL = LOQ  
When LOD > PQL, LOQ is raised to next lowest calibration standard   

Matrix:  The component or substrate that contains the analyte of interest. For purposes of batch determination, the 
following matrix types shall be used: 

◊ Aqueous:  Any aqueous sample excluded from the definition of a drinking water matrix or saline/estuarine 
source. Includes surface water, groundwater, and effluents. 

◊ Drinking Water:  Any aqueous sample that has been designated a potable or potential potable water source. 
◊ Saline/Estuarine:  Any aqueous sample from an ocean or estuary, or other salt-water source. 
◊ Non-aqueous liquid:  Any organic liquid with <15% settleable solids. 
◊ Biological Tissue:  Any sample of a biological origin such as fish tissue, shellfish, or plant material. Such 

samples shall be grouped according to origin. 
◊ Solids:  Includes soils, sediments, sludges and other matrices with >15% settleable solids. 
◊ Chemical Waste:  A product or by-product of an industrial process. 
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◊ Air Samples:  Media used to retain the analyte of interest from an air sample such as sorbent tubes, summa 
canisters, XAD resin or PUFs. Each medium shall be considered as a distinct matrix. (Quality Systems) 

Matrix Spike (MS):  Prepared by adding a known mass of target analyte to a specified amount of matrix sample for 
which an independent estimate of target analyte concentration is available. Matrix spikes are used, for example, to 
determine the effect of the matrix on a method's recovery efficiency. (Glossary of Quality Assurance Terms, QAMS, 
8/31/92) 
Matrix Spike Duplicate (spiked sample/fortified sample duplicate):  A second replicate matrix spike is prepared 
in the laboratory and analyzed to obtain a measure of the precision of the recovery for each analyte. (Glossary of 
Quality Assurance Terms, QAMS, 8/31/92) 
May:  Denotes permitted action, but not required action.  (NELAC) 
Method Blank (MB):  A sample of a matrix similar to the batch of associated samples (when available) that is free 
from the analytes of interest and is processed simultaneously with and under the same conditions as samples 
containing an analyte of interest through all steps of the analytical procedures, and in which no target analytes or 
interferences are present at concentrations that impact the analytical results for sample analyses. (NELAC) 
Method Detection Limit (MDL):  The minimum concentration of a substance (an analyte) that can be measured and 
reported with 99% confidence that the analyte concentration is greater that zero and is determined from analysis of a 
sample in a given matrix containing the analyte. (40 CFR Part 136 Appendix B) 
Must:  Denotes an item that is required to be met. (Random House College Dictionary) 
Negative Control:  Measures taken to ensure that a test, its components, or the environment does not cause 
undesired effects, or produce incorrect test results.  (NELAC) 
NELAC:  National Environmental Laboratory Accreditation Conference. A voluntary organization of state and federal 
environmental officials and interest groups purposed primarily to establish mutually acceptable standards for 
accrediting environmental laboratories. A subset of National Environmental Laboratory Accreditation Program 
(NELAP).  Also known as The NELAC Institute (TNI).  
Performance Audit:  The routine comparison of independently obtained quantitative measurement system data with 
routinely obtained data in order to evaluate the proficiency of an analyst or laboratory.  (NELAC) 
Performance Based Measurement System (PBMS):  A set of processes wherein the data quality needs, 
mandates, or limitations of a program or project are specified and serve as criteria for selecting appropriate test 
methods to meet those needs in a cost-effective manner.  (NELAC) 
Positive Control:  Measures taken to ensure that a test and/or its components are working properly and producing 
correct or expected results from positive test subjects.  (NELAC) 
Precision:  The degree to which a set of observations or measurements of the same property, obtained under similar 
conditions, conform to themselves; a data quality indicator. Precision is usually expressed as standard deviation, 
variance, or range, in either absolute or relative terms. (NELAC) 
Preservation:  Refrigeration and or reagents added at the time of sample collection to maintain the chemical and/or 
biological integrity of the sample.  (NELAC) 
Proficiency Test Sample (PT):  A sample, the composition of which is unknown to the analyst and is provided to 
test whether the analyst/laboratory can produce analytical results within specified acceptance criteria. (Glossary of 
Quality Assurance Terms, QAMS, 8/31/92) 
Proficiency Testing:  A means of evaluating a laboratory’s performance under controlled conditions relative to a 
given set of criteria through analysis of unknown samples provided by an extermal source.  (NELAC, Section 2.1) 
Proficiency Testing Program:  The aggregate of providing rigorously controlled and standardized environmental 
samples to a laboratory for analysis, reporting of results, statistical evaluation of the results in comparison to peer 
laboratories and the collective demographics and results summary of all participating laboratories.  (NELAC) 



  Quality Assurance Plan 
Cape Fear Analytical, LLC  CF-QS-B-001 Rev 4 
Revision 4 Effective February 2010  Page 48 of 63 

3306-120 Kitty Hawk Road, Wilmington, NC  28405 (910) 795-0421 
This document is controlled only when an original Set ID number appears on the cover page (1). 

Uncontrolled documents do not bear an original Set ID number. 

Protocol:  A detailed written procedure for field and/or laboratory operation (e.g., sampling, analysis) that must be 
strictly followed.  (EPA-QAD) 
Pure Reagent Water:  Shall be water in which no target analytes or interferences are present at a concentration that 
would impact the results when using a particular analytical test method.  (NELAC) 
Quality Assurance:  An integrated system of activities involving planning, quality control, quality assessment, 
reporting and quality improvement to ensure that a product or service meets defined standards of quality within a 
stated level of confidence. (Glossary of Quality Assurance Terms, QAMS, 8/31/92) 
Quality Control:  The overall system of technical activities whose purpose is to measure and control the quality of a 
product or service so that it meets the need of users. (Glossary of Quality Assurance Terms, QAMS, 8/31/92) 
Quality Manual:  A document stating the quality policy, quality system and quality practices of an organization. This 
may also be called a Quality Assurance Plan or a Quality Plan.  NOTE:  The quality manual may call up other 
documentation relating to the laboratory’s quality arrangements.  (CFA) 
Quality System:  A structured and documented management system describing the policies, objectives, principles, 
organizational authority, responsibilities, accountability, and implementation plan of an organization for ensuring 
quality in its work processes, products (items), and services. The quality system provides the framework for planning, 
implementing, and assessing work performed by the organization and for carrying out required QA and QC. 
(ANSI/ASQC E-41994) 
Quantitation Limits:  The value at which an instrument can accurately measure an analyte at a specific 
concentration that includes the maximum or minimum levels, concentrations, or quantities of a target that can be 
quantified with the accuracy required by the data user.  These values establish the upper and lower limits of the 
calibration range.  (NELAC with DoD clarification) 
Range:  The difference between the minimum and the maximum set of values.  (EPA-QAD) 
Raw Data:  Any original factual information from a measurement activity or study recorded in a laboratory notebook, 
worksheets, records, memoranda, notes, or exact copies thereof that are necessary for the reconstruction and 
evaluation of the report of the activity or study. Raw data may include photography, microfilm or microfiche copies, 
computer printouts, magnetic media, including dictated observations, and recorded data from automated instruments. 
If exact copies of raw data have been prepared (e.g., tapes that have been transcribed verbatim, dated and verified 
accurate by signature), the exact copy or exact transcript may be submitted.  (EPA-QAD) 
Reagent Blank (method reagent blank):  A sample consisting of reagent(s), without the target analyte or sample 
matrix, introduced into the analytical procedure at the appropriate point and carried through all subsequent steps to 
determine the contribution of the reagents and of the involved analytical steps. (Glossary of Quality Assurance 
Terms, QAMS, 8/31/92) 
Reference Material:  A material or substance one or more properties of which are sufficiently well established to be 
used for the calibration of an apparatus, the assessment of a measurement method, or for assigning values to 
materials. (ISO Guide 30 -2.1) 
Reference Standard:  A standard, generally of the highest metrological quality available at a given location, from 
which measurements made at that location are derived. (VIM - 6.08) 
Requirement:  Denotes mandatory specification; often designated by the term “shall.”  (NELAC) 
Sample:  Portion of material collected for chemical analysis, identified by a single, unique term.  A sample may 
consist of portions in multiple containers, if a single sample is submitted for multiple or repetitive analysis.  (DoD) 
Selectivity:  The capability of a test method or instrument to respond to a target substance or constituent in the 
presence of non-target substances.  (NELAC Quality Systems) 
Sensitivity:  The capability of a test method or instrument to discriminate between measurement responses 
representing different levels (e.g., concentrations) of a variable of interest.  (NELAC Quality Systems) 
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Shall:  Denotes a requirement that is mandatory whenever the criterion for conformance with the specification 
requires that there will be no deviation. This does not prohibit the use of alternative approaches or methods for 
implementing the specification so long as the requirement is fulfilled. (ANSI) 
Should:  Denotes a guideline or recommendation whenever noncompliance with the specification is permissible. 
(ANSI) 
Spike:  A known mass of target analyte added to a blank sample or subsample; used to determine recovery 
efficiency or for other quality control purposes. 
Standard Operating Procedure (SOP):  A written document that details the method of an operation, analysis or 
action whose techniques and procedures are thoroughly prescribed and is accepted as the method for performing 
certain routine or repetitive tasks. (Glossary of Quality Assurance Terms, QAMS, 8/31/92) 
Standard Reference Material (SRM):  A certified reference material produced by the U.S. National Institute of 
Standards and Technology and characterized for absolute content, independent of analytical test method. (NELAC) 
Surrogate:  A substance with properties that mimic the analyte of interest. It is unlikely to be found in environmental 
samples and is added to them for quality control purposes. (Glossary of Quality Assurance Terms, QAMS, 8/31/92) 
Test:  A technical operation that consists of the determination of one or more characteristics or performance of a 
given product, material equipment, organism, physical phenomenon, process or service according to a specified 
procedure.  The result of a test is normally recorded in a document sometimes called a test report or a test certificate. 
(ISO/IEC Guide 2 - 12.4) 
Test Method:  An adoption of a scientific technique for a specific measurement problem, as documented in a 
laboratory SOP.  (NELAC)   
Traceability:  The property of a result of a measurement whereby it can be related to appropriate standards, 
generally international or national standards, through an unbroken chain of comparisons.  (VIM-6.12) 
Validation:  The process of substantiating specified performance criteria.
Verification: Confirmation by examination and provision of evidence that specified requirements have been met.  
(NELAC) 
NOTE:  Verification provides a means for checking that the deviations between values indicated by a measuring 
instrument and corresponding known values of a measured quantity are consistently smaller than the maximum 
allowable error defined in a standard, regulation, or specification peculiar to the management of the measuring 
equipment. 
The result of verification leads to a decision either to restore in service, to perform adjustments, to repair, to 
downgrade, or to declare obsolete. In all cases it is required that a written trace of the verification performed shall be 
kept on the measuring instrument’s individual record. 
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APPENDIX D:  CERTIFICATIONS 
 

Cape Fear Analytical, LLC maintains environmental laboratory certification from NELAP in Utah and secondary in 
California.  We expand our list of certification as needed.   
 
Original Scope of Accreditations is maintained in the Quality Assurance work area.  Electronic copies are available in 
.pdf form on the CFA intranet.  Please call to confirm the status of any certification of interest to you. 

    
• National Environmental Laboratory Accreditation Program (NELAP) - Primary issued through the State of Utah, 

Department of Health, Bureau of Laboratory Improvement;  
Secondary NELAP accreditation issued through the States of California, New York and New Jersey 

 
• North Carolina Department of Health and Human Services, North Carolina State Laboratory Public Health 

Environmental Sciences, Safe Drinking Water. 
 
• Pennsylvania Department of Environmental Protection, Registered to perform analysis on Air samples 
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APPENDIX E:  ESSENTIAL QUALITY CONTROL REQUIREMENTS 

At CFA, we enforce strict adherence to quality control measures.  Quality control measures for each type of analysis 
are delineated in the associated standard operating procedure and include those specified in the identified analytical 
method.  Client requests for additional quality control agreed to by us will be communicated to the laboratory by the 
Project Manager and performed accordingly.  
All quality control measures are assessed and evaluated on an ongoing basis.  We use these measures to establish 
statistically derived quality control acceptance criteria.  The acceptance criteria are used to evaluate whether the 
analytical process is in control and to assist us in establishing the validity of the data.  Our procedures for handling 
out- of-control situations are written in the analytical standard operating procedure. 
Method-specific quality measures are described in the appropriate standard operating procedure.  Essential but 
general quality control requirements are summarized in the sections below for chemical testing, including organic 
analyses. 
E1 Chemical Testing 
This section includes our quality control requirements for organic analyses, and discusses: 

• Negative controls 
• Positive controls 
• Analytical variability and reproducibility 
• Method evaluation 
• Method detection limits 
• Data reduction 
• Quality of standards and reagents 
• Selectivity 
• Constant and consistent test condition 

E1.1 Negative controls 
We implement a negative control at least once per analytical batch of samples having the same matrix, and where, if 
applicable, the same extraction or preparation method is employed. The negative control is a method blank that we 
use to determine the presence of contamination. If discovered, we must investigate the source of contamination and 
take measures to correct, minimize, or eliminate the source if:    

1. The concentration of target analyte exceeds the established practical quantitation limit and exceeds a 
concentration greater than 1/10 of the measured concentration of any sample in the analytical batch; 

2. The concentration of a target analyte in the method blank exceeds that present in the samples and is 
greater than 1/10 of the specified regulatory limit. 

If a method blank is indicative of contamination, we must assess each sample in that batch against the above criteria 
to determine if the data are acceptable.  Any sample associated with a contaminated method blank shall be 
reprocessed for analysis, as needed, or the results will be reported with appropriate data qualifiers. 
E1.2 Positive Control - Method Performance 
E1.2.1 Laboratory Control Sample (LCS) 

Purpose: The LCS is used to evaluate the performance of the total analytical system, including all 
preparation and analysis steps. Results of the LCS are compared to established criteria and, if 
found to be outside of these criteria, indicate that the analytical system is “out of control.”  Any 
affected samples associated with an out-of-control LCS shall be reprocessed for re-analysis or 
the results reported with appropriate data qualifying codes, as necessary. 

Frequency:  The LCS is analyzed at a minimum of 1 per preparation batch. Exceptions would be for those 
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analytes for which no spiking solutions are available such as total suspended solids, total 
dissolved solids, total volatile solids, total solids, pH, color, odor, temperature, dissolved oxygen 
or turbidity. In those instances for which no separate preparation method is used (example: 
volatiles in water) the batch shall be defined as environmental samples that are analyzed 
together with the same method and personnel, using the same lots of reagents, not to exceed 
the analysis of 20 environmental samples. 

Composition: The LCS is a controlled matrix, known to be free of analytes of interest, spiked with known and 
verified concentrations of analytes.  NOTE:  The matrix spike may be used in place of this control 
as long as the acceptance criteria are as stringent as for the LCS. Alternatively the LCS may 
consist of a medium containing known and verified concentrations of analytes such as Certified 
Reference Material (CRM).  All analyte concentrations shall be within the calibration range of the 
method.  The following shall be used in choosing components for the spike mixtures: 

 The components to be spiked shall be as specified by the mandated test method or other 
regulatory requirement or as requested by the client. In the absence of specified spiking 
components the laboratory shall spike per the following: 

 For those components that interfere with an accurate assessment such as spiking 
simultaneously with PCBs, the spike should be chosen that represents the chemistries and 
elution patterns of the components to be reported. 

 For those test methods that have extremely long lists of analytes, a representative number may 
be chosen. The analytes selected should be representative of all analytes reported. The following 
criteria shall be used for determining the minimum number of analytes to be spiked.  

 a)          For methods that include 1-10 targets, spike all components; 
 b)          For methods that include 11-20 targets, spike at least 10 or 80%, whichever is greater; 
 c)          For methods with more than 20 targets, spike at least 16 components. 
 NOTE:  Unless otherwise noted in project quality assurance plans or if components interfere with 

an accurate assessment, all Department of Defense projects will have LCS, MS, and MSD that 
contain all target analytes. 

Evaluation 
Criteria and 
Corrective 
Action: 

The results of the individual batch LCS are calculated in percent recovery. The laboratory shall 
document the calculation for percent recovery.  The individual LCS is compared to the 
acceptance criteria as published in the mandated test method.  Where there are no established 
criteria, the laboratory determines internal criteria or utilizes client specified assessment criteria. 

 An LCS that is determined to be within the criteria effectively establishes that the analytical 
system is in control and validates system performance for the samples in the associated batch. 
Samples analyzed along with a LCS determined to be “out of control” should be considered 
suspect and the samples reprocessed and re-analyzed or the data reported with appropriate data 
qualifying codes as necessary. 

E1.2.2 Sample Specific Controls 
The laboratory must document procedures for determining the effect of the sample matrix on method performance. 
These procedures relate to the analyses of matrix specific Quality Control (QC) samples and are designed as data 
quality indicators for a specific sample using the designated test method. These controls alone are not used to judge 
laboratory performance.  Examples of matrix specific QC include: Matrix Spike (MS); Matrix Spike Duplicate (MSD); 
Post Spike (PS) and Post Spike Duplicate (PSD) sample duplicates; and surrogate spikes.  
E1.2.3 Matrix Spike; Matrix Spike Duplicates, Post Spike ; Post Spike Duplicates: 

Purpose: Matrix specific QC samples indicate the effect of the sample matrix on the precision and accuracy 
of the results generated using the selected method. The information from these controls is 
sample/matrix specific and would not normally be used to determine the validity of the entire batch. 
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Frequency: The frequency of the analysis of matrix specific samples shall be determined as part of a systematic 
planning process (e. g. Data Quality Objectives) or as specified by the required mandated test 
method. 

Composition: The components to be spiked shall be as specified by the mandated test method. Any permit 
specified analytes, as specified by regulation or client requested analytes shall also be included. If 
there are no specified components, the laboratory shall spike per the following: 

 For those components that interfere with an accurate assessment such as spiking simultaneously 
with PCBs, the spike should be chosen that represents the chemistries and elution patterns of the 
components to be reported. 

 For those test methods that have extremely long lists of analytes, a representative number may be 
chosen using the following criteria for choosing the number of analytes to be spiked. However, the 
laboratory shall insure that all targeted components are included in the spike mixture over a 2-year 
period. 

 a)          For methods that include 1-10 targets, spike all components; 
 b)          For methods that include 11-20 targets, spike at least 10 or 80%, whichever is greater; 
 c)          For methods with more than 20 targets, spike at least 16 components. 
Evaluation 
Criteria and 
Corrective 
Action: 

The results from matrix spike/matrix spike duplicate and post spike/post spike duplicate are 
primarily designed to assess the precision and accuracy of analytical results in a given matrix and 
are expressed as percent recovery (%R) and relative percent difference (RPD).   

 Results are compared to the acceptance criteria as published in the mandated test method.  Where 
there are no established criteria, the laboratory should determine internal criteria and document the 
method used to establish the limits.  For matrix spike or post spike results outside established 
criteria, corrective action shall be documented or the data reported with appropriate data qualifying 
codes. 

E1.2.4 Matrix Duplicates: 
Purpose: Matrix duplicates are defined as replicate aliquots of the same sample taken through the entire 

analytical procedure.   The results from this analysis indicate the precision of the results for the 
specific sample using the selected method. The matrix duplicate provides a usable measure of 
precision only when target analytes are found in the sample chosen for duplication. 

Frequency: The frequency of the analysis of matrix duplicates may be determined as part of a systematic 
planning process (e. g. Data Quality Objectives) or as specified by the mandated test method. 

Composition: Matrix duplicates are performed on replicate aliquots of actual samples. The composition is usually 
not known. 

Evaluation 
Criteria and 
Corrective 
Action 

The results from matrix duplicates are primarily designed to assess the precision of analytical 
results in a given matrix and are expressed as relative percent difference (RPD) or another 
statistical treatment (e. g., absolute differences). The laboratory shall document the calculation for 
relative percent difference or other statistical treatments. 

 Results are compared to the acceptance criteria as published in the mandated test method.  Where 
there are no established criteria, the laboratory shall determine internal criteria and document the 
method used to establish the limits. For matrix duplicates results outside established criteria 
corrective action shall be documented or the data reported with appropriate data qualifying codes. 

E1.2.5 Surrogate Spikes: 
Purpose Surrogates are used most often in organic chromatography test methods and are chosen to reflect 

the chemistries of the targeted components of the method. Added prior to sample 



Quality Assurance Plan 
Cape Fear Analytical, LLC  CF-QS-B-001 Rev 4 
Revision 4 Effective February 2010  Page 55 of 63 

3306-120 Kitty Hawk Road, Wilmington, NC  28405 (910) 795-0421 
This document is controlled only when an original Set ID number appears on the cover page (1). 

Uncontrolled documents do not bear an original Set ID number. 

preparation/extraction, they provide a measure of recovery for every sample matrix. 
Frequency Except where the matrix precludes its use or when not available, or is not a method requirement, 

surrogate compounds are added to all samples, standards, and blanks for all appropriate test 
methods. 

Composition: Surrogate compounds are chosen to represent the various chemistries of the target analytes in 
the method.  They are often specified by the mandated method and are deliberately chosen for 
their being unlikely to occur as an environmental contaminant.  Often this is accomplished by 
using deuterated analogs of select compounds. 

Evaluation 
Criteria and 
Corrective 
Action: 

The results are compared to the acceptance criteria as published in the mandated test method or 
determined using statistical process controls (SPC).  Where there are no established criteria, the 
laboratory determines internal criteria and documents the method used to establish the limits.  

 Surrogates outside the acceptance criteria must be evaluated for the effect indicated for the 
individual sample results.  The appropriate corrective action may be guided by the data quality 
objectives or other site specific requirements.   Results reported from analyses with surrogate 
recoveries outside the acceptance criteria include appropriate data qualifiers. 

E1.3 Method Evaluation 
The following procedures, as described in the other sections of the QAP, are in place in order to ensure the accuracy 
of the reported result: 

• Procedure for initial demonstration of analytical capability performed initially (prior to the analysis of any 
samples) and if there is a significant change in instrument type, personnel, matrix or test method. Refer to 
Section 8. 

• Procedures for initial and continuing calibration protocols as specified in Section 7. 
• Procedures for utilizing proficiency test samples to evaluate the ability of a procedure and/or analyst 

laboratory to produce accurate data as specified in Section 3. 
E1.4 Method Detection Limits 
Method detection limits (MDLs) are determined as described in CF-LB-E-001 for The Determination of Method 
Detection Limits.  This procedure is based on that established in 40 CFR Part 136, Appendix B. The laboratory 
processes for determining Practical Quantitation Limit (PQL), Limit of Detection (LOD) and Limit of Quantitation 
(LOQ) is also discussed in the SOP CF-LB-E-001. 
Where possible, MDL studies are conducted for aqueous, solid and tissue matrices using a clean matrix appropriate 
to the test method (such as laboratory pure reagent water, Ottawa sand, glass beads or corn oil).  MDL studies for 
the majority of routine parameters are conducted by: 

• analyzing a minimum of seven replicates of the lowest calibration standard 
• determining the standard deviation of the seven replicates 
• multiplying the standard deviation by 3.143 (based on six degrees of freedom and representing a 99% 

confidence level) to obtain the calculated MDL. 
If the MDL study is being conducted for a new method or target analyte, the following steps are taken: 

• the MDL is estimated based on information provided in the method or analytical experience 
• a standard with a concentration three to five times the estimated MDL is prepared and analyzed a minimum 

of seven times 
• the MDL is calculated as above based on the standard deviation and degrees of freedom 
• the MDL is evaluated for reasonableness by verification through analysis of a prepared standard solution 

two to three times the calculated MDL. 
MDL studies are not performed for any target analyte for which spiking solutions are not available . 



Quality Assurance Plan 
Cape Fear Analytical, LLC  CF-QS-B-001 Rev 4 
Revision 4 Effective February 2010  Page 56 of 63 

3306-120 Kitty Hawk Road, Wilmington, NC  28405 (910) 795-0421 
This document is controlled only when an original Set ID number appears on the cover page (1). 

Uncontrolled documents do not bear an original Set ID number. 

Practical quantitation limits (PQLs) are determined by either multiplying the MDL by approximately 2 to 10 or are equal 
to that of the lowest calibration standard.  Concentrations of a target analyte determined to be greater than its PQL are 
defined as quantitative results.  All quantitative reported results are preceded by or bracketed by calibration or 
calibration verification standards. 
The LOD is calculated using  MDL x 2 = LOD.  CFA Laboratories performs quarterly verifications of LODs by spiking 
a quality system matrix at approximately two to three times the detection limit (for a single-analyte standard) or one to 
four times the detection limit (for a multi-analyte standard).  LOD Verifications are performed on all instruments used 
to report samples requiring LOD reporting.  
The LOD is compared to the PQL and if LOD < PQL, then LOQ = PQL.  If LOD > PQL, then LOQ is established at 
the next lowest level of the calibration curve.  CFA Laboratories performs quarterly verifications of LOQs by spiking a 
quality system matrix at approximately one to two times the claimed LOQ. 
The laboratory  demonstrates precision and bias at the LOQ by calculating Statistical Process Control (SPC) limits 
using LOQ measurements, as discussed in SOP CF-QS-E-14, Quality Assurance Measurement Calculations and 
Processes.  
All MDL studies conducted by the laboratory are submitted to the Quality Group for an independent review. Upon 
acceptance of the MDL study, the MDLs reported to clients via our computer system are updated unless otherwise 
specified by contract. PQLs are also updated as directed by the new MDLs or changes to procedures. 
All data pertaining to the study and the calculation of MDLs is maintained as quality records by  the Quality Manager. 
E1.5 Data Reduction 
The procedures for data reduction, such as use of linear regression, are documented in the individual analytical 
standard operating procedures.  CFA’s policy governing the manual integration of chromatographic data is detailed in 
CF-LB-E-017, Procedure and Policy for Manual Integration.  Manual integrations of chromatographic peaks can only 
be performed in accordance with CF-LB-E-017.  This ensures that the integrations are done in a consistent and 
technically justifiable manner while meeting the requirements set forth under the Good Automated Laboratory 
Practices.  
SOP CF-QS-E-014, Quality Assurance Measurement Calculations and Processes, discusses the use of laboratory 
data in statistical determinations and includes discussion of Estimation of Total Analytical Uncertainty, Statistical 
Process Control (SPC) Limits, and Calibration of Instrumentation.  Understanding of the procedures used for data 
generation and reduction is an important part of an analyst demonstrating proficiency in an analytical procedure. All 
analysts and technicians responsible for generating curves and using curve-generated data are trained to this SOP 
per CFA annual and interim training requirements. 
E1.6 Quality of Standards and Reagents 
The quality of standards used in instrument calibration or quality control samples and reagents used in sample 
preparation and/or analysis must meet the criteria described in Section 7.  In methods where the purity is not 
specified, analytical grade reagents are used.  Reagents of lesser purity than those specified by the test method are 
never used. Upon receipt and prior to use, the labels on the container are checked to verify that the purity of the 
reagents meets the documented requirements of the particular test method.  
The quality of water sources is monitored and documented as described in Section 4. The quality of water used in 
sample preparation or analysis meets the method-specified requirements.  The type of water available in the 
laboratory is described in Section 4. 
E1.7 Selectivity 
Absolute and relative retention times aid in the identification of components in chromatographic analyses and in 
evaluation of the effectiveness of a column in separating constituents.  The procedures governing retention time 
widows are documented in the applicable analytical SOP and meet all regulatory and method requirements.   
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In addition to retention time windows, the acceptance criteria for mass spectral tuning are also documented in the 
appropriate analytical SOP.  In all cases, the acceptance criteria meet or exceed those specified in the analytical 
methods. 
Unless stipulated in writing by the client, confirmations may be performed to verify the compound identification of 
positive results detected on a sample.  Such confirmations are performed on a second analytical column for organic 
tests.  All confirmation is documented.  
E1.8 Constant and Consistent Test Conditions 
CFA’s implementation of standard operating procedures that specify quality criteria including initial and continuing 
calibrations assures that our test instruments consistently operate within the specifications required of the application 
for which the equipment is used. 
In addition to the specifications applied to instrumentation, glassware used for sample preparation or analysis is 
cleaned in a manner that reduces the potential for positive or negative interferences.  Glassware is prepared in 
accordance with CF-LB-E-003 for Glassware Preparation.  
This SOP details the procedures used to clean the following groups of glassware: 

• Reusable bottles and plasticware 
• Glassware used for determination of dioxins/furans or PCB congeners  
• Glassware used in the determination of other organic compounds 
• Generic glassware used in all other analyses 

If the method specifies that the glassware be stored in a particular manner, this requirement is documented in the 
appropriate analytical SOP. 
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APPENDIX F:  ETHICS AND DATA INTEGRITY AGREEMENT 
 

CAPE FEAR ANALYTICAL, LLC 
 

ETHICS and  DATA INTEGRITY AGREEMENT 
I. I,      , state that I understand the high standards of   

integrity required of me with regard to the duties I perform and the data I report in 
connection with my employment at Cape Fear Analytical, LLC. 
 

II. I agree that in the performance of my duties at Cape Fear Analytical, LLC: 
 

A. I shall not intentionally report data values that are not the actual values obtained; 
 
B. I shall not intentionally report data that does not meet method or procedural 

specifications unless that data is properly qualified through comments or other 
notations in the analytical report. 

 
C. I shall not intentionally report dates and times of data analyses that are not the actual 

dates and times of data analyses; and, 
 

D. I shall not intentionally represent another individual’s work as my own. 
 
III. I agree to inform Cape Fear Analytical, LLC of any accidental or intentional reporting of 

non-authentic data by myself or by other employees in a timely manner. 
 
IV. I will not knowingly participate in any questionable activities or violations of the 

Procurement Integrity Act during purchasing or sales activities.  I will report any 
questionable activities to Cape Fear Analytical management.  This includes discussions on 
analytical services, pricing and contracts, vendor pricing or other essential business 
information to anyone outside of The GEL Group, Inc. family. 

 
This Ethics and Data Integrity Agreement has been explained to me by the Quality Manager and 
I have been provided the opportunity to ask questions on any part of this agreement that I did not 
understand.  It has also been explained to me that any violation of this agreement conducted 
during work performed under a subcontract or direct contract to a government agency could 
subject me to potential prosecution. 
 
I understand that violation of this policy subjects me to disciplinary action, up to and including 
termination of my employment with The GEL Group, Inc and/or Cape Fear Analytical, LLC. 
 
Employee Signature       Date:  
 
Trainer Signature           Date:         
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APPENDIX G:  EQUIPMENT LIST 
 

# of 
Units Equipment Model # 

Purchase 
Date ID/Serial # 

2 

Waters Autospec Premier High Resolution 
Mass Spectrometer w/Agilent 7890 Gas 

Chromatograph w/Leap GC PAL Autosampler 
Premier; GC 

PAL 
Jan-09 
Jun-09 

P750; 161809 
P763; 161815 

1 Agilent 1100 HPLC 1100 Feb-09 

DE23916965; 
DE14927774; 
DE13203140; 
DE21001560; 
DE14917300; 
JP40724089 

1 Zymark Turbovap LV Jan-09 TV9940N9139 

1 
Powerware Uninterrupted Power Source 

(UPS) 9390 Feb-09 
FX451DAAD1; 
EX422CAA05 

1 Baxter Tempu-Con drying oven H6620-5A Mar-09 1089-0265 

1 Ohaus Balance - 400 g 
Scout Pro 

SP402 Mar-09 7129320329 

1 Ohaus Balance - 4000 g 
Scout Pro 
SP4001 Mar-09 7129370194 

4 Kewaunee Fume Hood H05 Feb-09 Not Listed 

1 Chromalox extractions heater/pump/controller NA Jan-09 NA 

1 Cooling Technology extractions chiller MPCA-03X Mar-09 29005-02 

1 Cooling Technology HRMS chiller ICA-12 Apr-09 Not available 

26 Heating mantles and controllers 
Glas-Col 

PowerTrol Feb-09 Various 

1 Air compressor 4B233E Mar-09 L4/7/2008-00469 

1 VWR Sonicator 
B1500A-

DTH Mar-09 CB0808DUA01271 

1 Agilent Technologies 7890 GC-ECD 7890A Jun-09 
ECDCF.I; 

CN10842125 

1 
Hewlett Packard GC-MSD with Arcon 

Autosampler HP5973/6890 Jun-09 

MSDCF.I;US71191100 
VOACF.I;US71191095 

13332 (Arcon AS) 
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APPENDIX H:  FACILITIES WITH EVACUATION ROUTES 
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APPENDIX I:  STANDARD OPERATING PROCEDURES AND ANALYTICAL METHODS 

 
Standard Operating Procedures and Analytical Methods 

SOP # SOP Title Methods 
CF-ADM-E-001 Preparation, Authorization, Change, Revision, and Release of 

SOPs 
N/A 

CF-CO-E-002 Delegated Authority to Commit the Company N/A 
CF-CO-E-003 Contract Review N/A 

CF-CS-E-002 Internal Review of Contractually Required Quality Criteria for 
Client Package Delivery 

N/A 

CF-CS-M-001 Project Management AlphaLIMS Manual N/A 
CF-DC-E-001 Document Control N/A 
CF-FC-E-002 Testing Emergency Eyewash and Shower Equipment N/A 
CF-FC-E-003 Fume Hood Face Velocity Performance Checks N/A 
CF-FC-E-004 Inspection of Fire Extinguishers N/A 
CF-HR-E-002 Employee Training N/A 
CF-IT-E-003 Requirements, Design, Operation, Validation and Removal of 

Hardware and Software Systems Used by CFA. 
N/A 

CF-IT-E-005 Requirements, Design, Operation, Validation and Removal of 
Applications Used by CFA. 

N/A 

CF-LB-E-001 The Determination of Method Detection Limits N/A 
CF-LB-E-002 Balances N/A 
CF-LB-E-003 Glassware Preparation N/A 
CF-LB-E-004 Temperature Monitoring and Documentation Requirements for 

Refrigerators, Ovens, Incubators, and Other Similar Devices 
N/A 

CF-LB-E-005 Data Review and Validation N/A 
CF-LB-E-007 Laboratory Standards Documentation N/A 
CF-LB-E-008 Basic Requirements for the Use and Maintenance of 

Laboratory Notebooks, Logbooks, Forms and Other 
Recordkeeping Devices 

N/A 

CF-LB-E-009 Run Logs N/A 
CF-LB-E-010 Maintenance and Use of Air Displacement Pipets N/A 
CF-LB-E-012 Verifying the Maintenance of Sample Integrity N/A 
CF-LB-E-015 Control of Laboratory Standards N/A 
CF-LB-E-017 Procedure and Policy for Manual Integration N/A 
CF-LB-E-028 Creation and Maintenance of Case Narratives N/A 
CF-LB-E-031 Subsampling and Compositing of Samples N/A 
CF-LB-G-001 Laboratory Waste Management Plan N/A 
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Standard Operating Procedures and Analytical Methods 
SOP # SOP Title Methods 

CF-LB-N-001 Safety, Health and Chemical Hygiene Plan N/A 
CF-OA-E-001 Dioxin/Furan/PCB Congener Sample Processing SW846 8290A, EPA 1613B, 

EPA 1668B 
CF-OA-E-002 Dioxin/Furan Analysis by HRGC/HRMS SW846 8290A, EPA 1613B 
CF-OA-E-003 PCB Congener Analysis by HRGC/HRMS EPA 1668B 
CF-OA-E-004 Formaldehyde Extraction, Derivitization and Analysis by 

HPLC 
SW846 8315A 

CF-OA-E-005 DLM02.1 Sample Processing and Analysis DLM02.1 
CF-OA-E-006 CBC01.1 Sample Processing and Analysis CBC01.1 
CF-OA-E-020 Percent Moisture N/A 
CF-OA-E-065 Reagent and Solvent Screening N/A 
CF-QS-B-001 Quality Assurance Plan N/A 
CF-QS-E-001 Conduct of Quality Audits N/A 
CF-QS-E-002 Conducting Corrective/Preventive Action N/A 

CF-QS-E-003 Conflict of Interest Plan N/A 
CF-QS-E-004 Documentation of Nonconformance Reporting and 

Dispositioning and Control of Nonconforming Items 
N/A 

CF-QS-E-005 Review of Monitoring Device Logs N/A 
CF-QS-E-007 Thermometer Verification N/A 
CF-QS-E-008 Quality Records Management and Disposition N/A 
CF-QS-E-011 Method Validation and Initial and Continuing Demonstrations 

of Capability 
N/A 

CF-QS-E-012 NCR Database Operation N/A 
CF-QS-E-013 Handling of Proficiency Evaluation Samples N/A 
CF-QS-E-014 Quality Assurance Measurement Calculations and Processes N/A 
CF-QS-E-015 The Use of Logos and Describing Accreditation Status N/A 
CF-QS-E-017 Maintaining Technical Training Records N/A 
CF-RC-E-001 Receipt and Inspection of Materials N/A 

CF-SR-E-001 Sample Receipt, Login, and Storage N/A 
CF-SR-E-002 Transportation and Shipping of Samples and Pre-Preserved 

Sample Containers 
N/A 
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APPENDIX J:  SAMPLE STORAGE AND PRESERVATION REQUIREMENTS 
 
 

Parameter Container1 Preservation Holding Time2 Min. Volume 
     
Organics     
PCB Congeners Amber G, teflon-

lined cap 
0 < 6° C; <-10°C for 
tissues; waters:  80 mg 
thiosulfate3 

1 year for extraction;  45 
days after extraction for 
analysis (1668, CBC) 

1000 mL / 50 g 

Dioxin/Furan Amber G, teflon-
lined cap 

0 < 6° C; <-10°C for 
tissues; waters:  80 mg 
thiosulfate3 

30 days (8290) or 1 year 
(1613,CBC) for extraction; 
45 days after extraction for 
analysis 

1000 mL / 50 g 

Formaldehyde Amber G, teflon-
lined cap 

0 < 6° C  3 days for 
derivitization/extraction; 3 
days after extraction for 
analysis 

1000 mL / 50 g 

Volatile Organic 
Compounds 

Teflon lined 
septum 40ml vial 
or Encore 
sampler 
container  

0 < 6° C, zero 
headspace, liquids 
may be preserved with 
HCl 

Unpreserved liquids 7 days  
Preserved liquids 14 days 
Encore Sample Containers 
48 hrs to preservation 
(frozen) 

Liquids 3 x 
40mL 

Solids 3 x 5g 

 
1 P = Polyethylene; G = Glass 
2 Samples should be analyzed as soon as possible after collection.  The holding times listed are maximum times that samples may 
be held before analysis and be considered valid. 
3 Used only in the presence of residual chlorine. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX C- DQO MEETING MINUTES
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DQO Meeting Report 
For Development of  

UFP-SAP for SWMU 11 – Former Building 225 
 

 
Date of Meeting:  November 4, 2010 

Meeting: Location:  Environmental Office, NSA Crane; Crane, IN 

Attendees:   Doug Griffin, IDEM 
   Howard Hickey, NAVFAC Midwest 
   Tom Brent, Crane Environmental 
   Ralph Basinski, Tetra Tech 
   Tony Klimek, Tetra Tech 
   Peggy Churchill, Tetra Tech 

Report prepared by:  Tony Klimek - 513-557-5057, prepared: November 18, 2010 

 

Tetra Tech presented background information about SWMU 11 and there was a general 
discussion about the proposed sampling.  Some of the specific issues discussed were 
as follows: 

1. Tom Brent located and provided additional photos of the fire and aftermath.  He 
provided pdf copies on a CD.   

2. Background documents such as the “Green Water Report” should be attached to the 
UFP-SAP. 

3. Tom Brent also found a drawing of a concrete tank that was used to hold the green 
water.  Surface soil samples will be collected from the discharge area of the tank 
downstream of the outlet. 

4. IDEM was concerned about the 70,000 lbs of PCP that burned in the 1976 fire.  
Note:  The proposed sampling includes dioxin/furan analysis of surface soil to 
address this concern. 

5. Groundwater samples can be collected from a geoprobe; temporary wells are not 
necessary. Note: Tetra Tech will collect groundwater sample in accordance with 
Tetra Tech/Crane SOP. 

6. Dioxin/furan samples from the surface soil can be composited by area. They should 
also be collected from the sediment and from areas downwind of site. It was not 
possible to determine the wind direction during the fire by photos, but a report noted 
there was a northeast wind during the fire.  Target samples will be collected from 
unpaved areas northeast and southwest of the site.  Background samples would be 
perpendicular to this axis, but are not necessary at this time.  Dioxins can occur 
naturally; the UFP-SAP should describe how dioxin levels will be evaluated.  If 
dioxin/furans are determined to be a concern in Phase I sampling, background 
samples will be collected in Phase II.  

7. Primarily, surface soil and sediment samples will be collected.  Subsurface soil 
samples will be collected from the UST area only. If present and available, two layers 
of sediment will be collected; 0 to 6” bgs and 6” to 12” bgs from each sediment 
sampling location.  

8. Comments on sampling program are as follows: 
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 Building 225 Subslab.  Collect only surface soil (below slab and gravel) from 
under floor slab.  Note:  One composite sample from area will be analyzed for 
dioxin/furans. 

 Ditch.  Collect only surface soil from ditch.  Note: One composite sample from 
ditch will be analyzed for dioxin/furans. 

 Adjacent Areas.  Collect only surface soil from adjacent areas.  Multiple 
discrete soil samples will be collected from the grassed areas immediately 
adjacent to Building 225 (SW, SE, and NE).  Note: One composite sample 
from each area will be analyzed for dioxin/furans – total of three samples for 
dioxin/furan analysis.   

 Downwind Areas (New).  Composites of surface soil samples from grassed 
areas NE and SW of the site will be collected and analyzed for dioxin/furans.  
Note: Tetra Tech will propose to collect surface soil (0 to 24” bgs) composite 
samples from two grassed areas NE of the site, and two grassed areas SW 
of the site - total of four samples for dioxin/furan analysis.   

 UST area.  Four surface and subsurface soil samples will be collected from 
the area.  These samples will not be analyzed for dioxin/furans 

 Building 2981 Concrete Tank. Two surface soil samples will be collected from 
the soil downstream of the outlet.  Note: These samples will not be analyzed 
for dioxin/furans. 

 Drainage channel.  Surface sediment samples will be collected from four 
locations at two depth intervals.  If available, sediment samples will be 
collected from 0 to 6” bgs and 6 to 12” bgs.  Note: The four 0 to 6” bgs 
sediment samples will be composited, and the four 6” to 12” bgs will be 
composited, for dioxin/furan analysis - total of two samples for dioxin/furan 
analysis.   

 Groundwater. Two downgradient (in ditch area northwest of slab) and one 
upgradient (southeast of slab) groundwater samples will be collected.  Note: 
The locations of the groundwater samples will be determined by the Tetra 
Tech Field Operations Leader.   

9. Tom Brent agreed that Tetra Tech could submit the draft UFP-SAP for simultaneous 
review by both Navy Crane and Navy Chemist.   
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From: 303 

DEPARTMENT OF THE NAVY 
NAVAL WEAPONS SUPPORT CENTER 

CRA.NE, INDIANA. 47322 

To: Distribution List 

Subj: "Green Water" Report 

Encl: Report Draft 

303-REK:jp 
5600/l . 
20 September 1976 

1. Enclosure (1) is the draft of the report for off-station use that 
I promised. Feel free to comment, edit, castrate, renova'te or other
wi~e alter as you see fit. 

2. Send comments to Code 01 for consolidation. 

D;s~~ributiOi1 

01 
O~21 

OSA 
09237 (L. Andrews) 
3032 4~~i~~W 

""'>::.."'i;:~ 

cI3;f(a~~-x 
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• 
On 13 July fire broke out in Building 225 at the Naval Weapons 

Support Center, Crane, lndiana. The Center fire department pumped in 

excess of 600,000 gallons of water onto the blaze which burned out of 

control for several hours. Building 225 and its contents were destroyed. 

The building was used for storage of a variety of paints, solvents, dYe, 

wood preservative, ink, gauze and hundreds of other items. 

Environmental concern was generated by the observation that,runoff 

water used in fighting the fire was colored a brilliant fluorescent 

green and was entering an intermittent stream known as Broom Branch. 

This stream flows into Furst Creek which has as its source Lake Green~uod 

on this Center. Furst Creek flows off the Center and into White River 

near Newberry, Indiana (See Figure 1). Broom Branch at that time had 

little flow other than the water used in fighting.the fire. A series of 

dams (#1, 2 and 3) was constructed to contain the polluted water on the 

Center (See Figure 2). 

On 14 July samples were collected at various points along Broom 

Branch. The samples were analyzed for the presence of toxic materials. 

Dead fish were observed in the green 'water which extended almost down to 

Dam #2. Analysis confirnled the visual observation that all pollutants 

were contained above Dam #2 and increased in concentration upstream (See 

Table 1). 

Enclosure (1) 
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TABLE 1. Data as of 7-14-76 a.m. 

Cone. of Pollutants (mg/l ) 

SAt~PLE SITE Zn Pb Cu Na Fluor. PCP 

Above Dam #1 0.69 0.2 0.08 ,,, -~" 
'" /,)v 

Below Railroad 0.08 0 0 30 30 

Above Dam #2 0 0 0 0.075 

Above Dam #3 0.01 0 0.01 0 

Below Dam #3 0 0 0.01 0 

Exhaustive analyses failed to reveal any pollutants other than 

zinc, copper and lead, sodium fluorescein (a green dye) and pentachloropr.eBoi 

(Ivood preservative). Of these the metals were confined and the dye 

reasonably non-toxic leaving pentachlorophenol (PCP) as the primary 

concern. 

Beginning 14 July 'the "later near the building was pumped out and 

transported to a concrete holding pond. A portion of the stream Has 

treated with HTH (calcium hypochlorite) which decolorized the dye. Tte 

HTH treatment was quickly discontinued on the rationale that (a) the 

residual chlorine was an added toxicant, (b) the reaction products \'/ere 

not known and (c) loss of the green color made it virtually impossible 

to monitor the location of the polluted \~ater. 

Beginning 15 July water from the stream was pumped into fU,el stonge 

)ladders as a containment procedure. At that time probably less·than 
, 

100,000 gallons of polluted water was present. On the afternoon of 15 

July heavy rains'" added an estimated 10 to 20 million gallons of water to 

:he watershed. 
, 
As a result, the stream circumvented Dam #2. Dam #3 w~s 

lashed away on the morning of 16 July. Visibly green water left the 

:enter. It wa';"determined that the visible limit of the dye in the 
! 



stream was about 0.2 mg/1. The highest value recorded off the Center 

was 0.4 mg/l. 

The green water moved slowly downstream taking 3 days to reach 

White River. where it was diluted at least 1,000 fold. The waters receded 

to the point that at 1600 on 17 July flow around Dam #2 wa.s stopped. 

The water quality at the 3 bridges (Figure 1) and the mouth of Furst 

Creek was continually monitored. The highest PCP value was <10 ppb 

recorded at Bridge #2. 

Having filled all available fuel bladders, it was decided to release 

water from the reservoir behind Dam #2 into Broom Branch and control the 

flow of Furst Creek by manipulating the outflow of Lake Greenwood so 

that dilution would be sufficient that no green color could be perceived 

in the water leaving the Center. This procedure was begun at approxi-

mately 1300 on 19 July. By both visually and chemically monitoring the 

water leaving the Station, it was possible to dispose of the water in 

the reservoir with only one instance being noted where green coloration 

appeared in the water leaving the Station. At no time during this 

procedure did the level of PCP in the water leaving the Center exceed 20 

ppb. The concentration of PCP in the reservoir above Dam #2 was typically 

60-100 ppb. 

The contents of the fuel bladders were analyzed and PCP l~vels from 

10-80 ppb found. This water was added to the controlled pump-out without 

ill effect over a peri ad of severa 1 days. The bladders were then re-
'f conditioned and returned to stock. 

G-5 



• 
Visual observations revealed a normal aquatic fuana and flora at 

all points of Furst Creek at all times during discharge of the contaminated 

water. 

At present no polluted water is present in the watershed. .A, small 

amount of dye does leach from the railroad bed during heavy rain but no 

toxicity problems result. A culvert has been installed in Darns #2 and 

#4 to allow free flow of the stream. Building 225 has been razed and 

the site cleaned. The residue has been buried in a hydrologically 

isolated land fill. Several thousand gallons of highly polluted water 

pumped from the building site are being held in a concrete reservoir 

awaiting proper disposal. A study is in progress to determine the most 

cost effective disposal procedure. 

! 



Hhite River 

FIGURE 1. 

f Watershed . Diagram 0 
SChemat'(Not to scale) 

Furst 
Creek 

Broom Branch 

te r Boundary Cen _ 

Bri dge #1 



 

Bldg. 225 

FIGURE 2. 

Schematic of Watershed 
(llot to scale) 

Broom Branch 

Dam #3 

;, 
'/ Furs t Creek 

I 

Bldg. 225 

FIGURE 2. 

Schematic of Watershed 
(llot to scale) 

Broom Branch 

Dam #3 

;, 
'/ Furs t Creek 

I 



I 

I 
'. 

l 
I 
I 

l 
1 

.: • I 

,', 

, " 
~" .,' .. 

L " 

. . ~ 

. , 

, i't •• " ~ 

" 
" . 

FAX 

. - '~ 

.. 

j , ,' , ' , 
w-. · ~ " 

, " , 

. , 

~'. ' 

" ' f' 

, " 
, , . 
.. 1 r ;. 

' :,' 

,-

\ 

- I 
tlf..VMAT REPORT lD20, 2 

\ 
" 

. " .' 

" 

.. 
, . 

" ... REPORT OF FIRE INVESTIGATION 

BUI'~.D ING 225 

, CRA..~E NAVAL \~EAPON.S SUPPOR'.t CENTER 

" CRANE, INDlk~A 

" 

" .- H-:16 JULY 1976 
" 

, " 

, " " ~: ' .. 
::' :' : ',.'; '},', . '~ 
, :. :· ; \ 1.~,""· .' 

' ,' ',J ' .... 
• • I ' '/ '~i:, .: ~I ;'.'" . 
-', ' '. ' • \' . ... I . , I' ' . 

." ' , ~ 
", ". . , : .- " . . ', ' t-' ;:' ' "' "" 

~. ',( ~ I., . ,': :, " ", ,.' • • ••• t , -- ,,' . 

.... J. :". -:.'>,': "'- ~~' .... :, :. " " ':.'., : ~ .-': : , ';, .. 
" .j ' .'. , . " ' . \ ~ . ; .. ~ 

, " 

" . . . , ' ~,' 

. .. :~ 
, : -

:,' ,. ! 

Enclosure (1) 

---,--- -----------



I 
J 

.. ~ . 

J 

. ". ~ 

. " 

J • \ . • :!... 

. , . .. ' 

.. 

1. GENERAL 

" . . 
'. ' 

• - r;-' '" - -, .. 

' .. . 

'. 
f""" . 

:. 

, . 

REPORT OF FIRE INVESTIGATION 
INERT NAREHOUSE /1225 

NAVAL WEAPONS SUPPORT ' CENTER 
. CRANE" INDIANA 
14-16 JULY 1976 

; 
' . . , .' 

NAVMAT REPORT 11320-1 
" - ' 

. .:, ": . " 

a. Time a.nd Date of Fite::. The Fire Department received a telephone 
call from the base telnphone operator at · 0655 hours on 13 July 1976. 

h. Location of F;ir~: ' Bldg. 11225, Iner~ t~arehouse, is located on 
the Yest side of High~~~ 101 at the Naval ~eapoI1s Support Center. 

c. Construction! Bldg. 11225 is a onEt-story 200' - 8" x 50· - 5 1t 

structure'L. Walls are 8" re:i.nfot"ced concrete "'lith metal framed ~Jindo\~s 
and iron doors. The roof is constructed of structural iron crusse$ 

." ~ ·.: ~overed with corrugated transite forming a high "All. It was vencilatcd 
"'with' 'stack vents at ' the l."idgc pole and louvers at each end. A concrete 
,loading platform ~a$ on the west side ' of ~he building parallel to a 
railroa~ siding. 

d. Occupancy: Bldg. 11225, Inert: 'Warehouse', contained storage of 
flammable liquids consisting of various amounts of wood preservative, 
thread; dispersion darex. octadecylaruine, tolulene, protective coating 
adhesive, silicone grease, ·me.thyl ethyl ketone, randing seals, adhesive 
dorax" enamels, paints. lacquers " . sodium flueorecinds, parch loroe thlene, 
graphite, t:richlorethylene. compound champel, nylon 'resin, adhesive . 

. resin, ·zinc chloride. stencil paint:," tape., paraffin, stannical. de.vcon, · 
. sodium hydroxide • . araldit:e hardener;. c.ellulose nitrate binder, brmvn 
wrapping paper, linse.ed oil, staples, cobalt napthen~te, varnish, desicant ~ 

"'. primer ,coating, teflon bot.tleS ··.:illd caps, solvencs. polyurethane foam, 
gauze, : drliling oil ', dechlocOlllethnne., ·' plastic adhesive lacquer, molykote, 
butylacetate, : · ~ranse shellac. chlorinat~d rubber, 13ctite, ~ricresYl 
phosphate, xylen. stearic. acid. · E!lectrial .equiplJ1~nt, ceiling compound, 

. styrene 'monomeric, and . pettem 'cement. · It: vas .stored in the following 
.' ...... . conta~Der9: :.' ' 55-gallo~1 ~ruDl~, . 5-gallon cans. boxes, ' 50-pound cans, 
. ~ fiber ' drums. I-gallon cans, 5-pound jars; i-pound. kits, ' rolls, paller.s, 

: I-quart:: cans,. bags , l-pint ca'ns, paper drums, lOO-pound bass and 200-
. 'pound drums . :. , , . ' : .: .. , . ' . . . 

• I ,': ·· •• f·: ., "., . . '. . . . . . ..,."f::!<:. 
e. Ex.posures :.< Due to· the occupancy of Bldg. (J225 exposure.!i'.i"El"Jdsted 

on the souch, wesc ' and ~~st : sidcs o~ the .fire , building. Refer to 
·. ' par8grnph~4.b(4) of : this report"for complete ~ctailed information on : 

fire exposures.' . .:. ,. . .;.... -. . .' . ' :-;./ 

.".' ." - .. ,>. ~., ; . :;.\ :. ':: ::.~ -~;rV:·:·~:":::·:: <~~ ')'··\<r.~:::,::~;t:~~?~!~~~~(:.>:~.:,.:>:.'~: .. :;~:.<\.;~. ::: .. ;./;:.';; .... >;.' .. 
: . ,", ! '!' 

.;. " ' . . , : .,',>,,', . ,. ... :., . ".' 
. \ , ~ , ~ , '.' 

'. ' ... . ' ,' .' . " . .- , I I 
. .' 

.. 
. '. 

- .... ...... ..,~-.,' .. ~. ---., ... .... - - _. ~ ' I :,\ : ~ ~, .. : •.• • , 
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f. BuildinG services: ' Unheated buildilll!- w:lrinp. 't-las , ri~dcl conduit. 
explos:l,or) proof ,fixtures. " I 

-I 
g. We."lther conr1:ltions: , , Temperature":' 560

, hU1"Ilc1itv - 827,. clear, 
wind clirection '- northcast~ ' velocity - seven ~iles per hour. 

2. FIRF. PROTECTION FEA 1'.URR.~ . . , 

B. Water -sllDolv and hwtr.qnts: An adequate volume of ,.;rater at 
sufficient pressure was av"iJahle from the two fire hyrirRnts near the 
building for fire fi~hting purposes. 

b. ' .61a.T.1I'I svs tern: None ' 1 

c. f9rtahle fire fil!htiil./! equipment: ten portable fire extin~uishers 
, ~ere located ' inside of Building 225, ' 

. • . • • ~' I : . 

d. Automatic detection gnd extinguishing devices: None existed 
:in the building. However .• automatic ,sprinkler :orot~ccion t.J'as prevJously . 
recommended in a fire'. protection enginee.,,-ing survey reporc in 1966. This 
recommendation was "incorporated into .a FY6B MILCON project hut was deleted 
due 1:0 lack of funds ' ' • 

, ~ . e. '01herr EXPl:sionp~OOf ~lectricatl equipment, floor drains, anri 
'1 '. " I ': building construction. " ' 

'·:,:;1 . . : ~ :;"· 3· • . '"FIRE FIGHTING FORCES A~~~LABLE \ . . -
- .1 ' " ,' ,. . .'" ,, ' '- " . . " ' •. " ,,' 1,' \' . ' 

'·; ·: <;:4.'<i\:"::'! , ;'·:-:: ;: :" :,:"~':''''-:' ·' ::",'::; ~~~KjA·C·~'i~:lti'Fi~~'· ' 1'l~par'~~~~'t· !\~(\~~~~'l·j.leaJlo~~ 'Suppor..t , Center I Crane 
":1 ' ' ' ;, ., ', 'has ·a :; ,structural~fil:'e"· department " ' compr1sed " of ·, twenty-seven men: one fire 

:, . chiet',""ttJo 'assistant , chiefs, . four' fire ' ca:otains. four drivers/operators. 

" I '" 
.. t. .... 

i -

J 

j 

:"J' .. 

. I . , , :" . • '; .:_ ' • 

), 

twelve'· fire fi~hters. ~ne fire inspector ,supervisor, ' t~o fire inspectors 
' and one fire inspector train~e. : ,. ". 

, .. ", :. ~. '. ': . ', 

The Fire nepartmen1: resPonded to the fire t.1ith a total 'of ei~ht 
men; o.ne caPtain ' (actin~ assisc·anc .,chief). one captain, cwo rlrivers/ooeratoTs 
and four fire. fiE!hters. ' "',? ,,: 

I .., .,! ~ ':~ '. ' r 

.' ·b. putside Fir e Pet)artmcnts: " Although mutual aid ap-t'eements are in 
effect~ the fire chief did not call for mutual aid due to the di scance of 
travel and the lack of response by volunteer fire fir-hters. Crane Voluntee r 
Fire T>epartmene i~ five miles from the activity and Owenshur~ Volunteer Fi re 
Departinent is ei~ht miles. 

' c', Other orcan::!.7.ed' forces: The ei~ht-rn3n Naval T-!eapons Support Ccnr.er, 
Crane wa ~ ' supportcd py the activities 8tlxiliary fire force, vnrious civi1:lan 

' workers <Jnd "military personnel. Public i~orks utility personnel responced 
to th~. scene' and 'rendered assistance. ' , 

. .' I : . I ' . ' , 
", I . ' , ' rI " " !~"~' ~~'J" , ." 

•• • '.' , ": i •. ' • " II' t' • • ' 

,.~ '. " 
" '" 

" . , .: 
, .. 

, ~ 

, --.. ---. ~-.. - . -"'1.'---



I 

'1. 
i 

I 

"'j .. , . . 

. ~. 
'.' .. 

" 

02 / 25 / 2010 THU 13:59 FAX 
, . 

• ~ , . ~ t . , . , . 1 

I ~ • 

.. I 

4 ' .. sTomi· QP' TilE: FIRE _ . 
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a. Circumstances: ,r . , ' . \. . 

(1) Activities prior to the fire: The ;investigCltion ~isclosecl 
that on 30 June 1976 three civilian work~rs entered '13uilrlin~ 225 to 'rel11ove 
parachute corqs in a'c::cordance with base ' operational 'procedures. (In 7 July 
1976, Fire Inspector James Ha~er was passin~ Building 225 ann noticed the 
front door open. He took this opportunity to inspect the buildinR. ~len 
he went in. he saw on~ workman from about thir ty fe'et 3'My, He called 
to the workman and advised him of ' his int~nt1on to ~nspect the premises. 
Mr. Ha~er said he could not identify the workman and did not notice a ny
t:hing out of order. Fire Inspector 'Hager checked the. fire extinguishers 
and general condicions. Inspector Hager did not see anything unusual 
during his inspection: Thi5.~c~ording to records and witnesses. was the 
last time anyone was in the b,ul.1ding. 

. . 
(2) Detection and report1n~ of fire: .Mr.· Bob Brinson; a car 

blocker yno \lorks ' i n Bu.ilding 224 ·which is···south of Ruildinf! 225 J stated 
that at app~oximate1y ' 0650 on Tuesday. 13 July 1976, he noticed smoke 
cominf! ' from the louver· 'of Building 225 and simult;;meously he heard ~~hat he 
thought 1~as "sma ll arms fi:re". He said he ~"ent in~o the office and. toid 
his super~isor, Doyle Rober.tson. that Building 225 was on fire. }fr. 

, ':.Rohertson called on the "crash phonel! and gave his nall1e and told the 
..... ; oper~tor that Building 225 was on fire and to notify the fire ne.partment. 

Mr. Robertson then said he looked out the windo~ and sat~ fire coming 
through the roof on t;h~ west 'JaIl of Building 225 in about a H) I x 10 I . 

. area • 

At' 0655 hours, Fire Captai n John Pa~kes received a call 
from the operator that Building 225 , ... as On fire and for the fire depart
ment to respond • . 

(3) Attempts to extinguish fire pending arrival , of the fire 
. depart~ent: None 

... " 

. (4) Un~sual'conditions le~din~ to or affel::t:in):! the fire: Hot. 
humid .veather Clxisted ~n Illinois and ' Indiana for the previous ~veek 
prior' to the fire. "Weather for Cr.une · prior to the .fire, up to the day 
it occurred is 'as , fol1o~.rs: . ., 

, :. -. -\ . , 

.. ' . 

3 

Bumiditv 
84Z 
847-
86J. 
87% 
76% 
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'(5) Fire 8prc~d: The fire extended to ~rass in the area hy 
flyiny, f~£ty-fivc p;allon drums .and aerosol cans but vas quickly extin
guished 'hy man p·ot"er. patrolling the area using a 500 GP~ Code 7341, brush 
atta~k pumper. Other than . ~!10t. the fire \Jas confined to the huildin~ 
of origin. 

b. Fire fishting operations (See attachment (1) for detailed plan 
of fire scene.) ' -

(1) Response of personnel and equipment: At 0655 hourst rogine 1, 
Engine 2 and Captain Charles Hawkins, Actin~ Assistant Chief, responded 
t; a telephone call from the base operator for a fire in ~uilding 225. 
The bORe fire station is 4.2 miles from Ruildin~ 225. As Acting Assistant 
Chief HaWkins turned from Hi.c,hw'ay 5 to l{igh~Jay 101, a distRnce of thre.e 
miles away. he saw <l 'coluJ-nn' 'of smoke in the sky. l111en he arrived, no 
one tJas in the area,. ' He heard no explosions and he observed fire in a 

' small area venting itself through the roof on ~he west side of Buildin~ 
225. Engine Company No.1, commanded by Orval T,~Junde-r, Fire Captain, . 
a.rrived right behind the Acting Assi$ r::ant Chief Ha, .. kins a.nd, a.s he 
approached the nonh side' of Building 225-, he ' ~ave orders to his three
man crew to lay one 2 1/2" line '-l}'ed to two 1 1/2" lines and--a 2 1/2" 
line with a constant ' flow nozzle and proc~eded to hydrant 341 on the 
east side of tire building.) east of the open lumber stora~e. The hose . 

. crew then'; cut the lock on the front iron door for entry but: ~·e.re unable 
. to 'open the door. They stated "it iJas hot" and "possibly distorced and 

,. : .. :·U,would not open." (NOTE: This Was a ·b1essing in disguise,for had 
the "door be~n open to make entry certainly we ,""ould have susta.ined 
casualties.) Hose lines were then taken to the wese side o£ the building 
and directed onto the fire corning through the roof while an alternate " 

- way of entry could be found. The fire began to hecoMe 'intense and it: 
was at , thi~ point that an a~tempt to : r,ain entry was abandoned as more 

' . explos,ions were occurring and it ~'as eVident that t.he problem no~Y at 
hand was to cover the exposures. , , Subsequently, F:ntine 1 crew set up .a del
uge gun at the south east corner ' of ·the building . fed hy t1,)'0 additional 

. ".. ', . ' 2 1/2" lines suppl:ied ·from ',En~ine 1. This 'action i!'as instrumental ' in 
:1-"':' - .: .', : .' ; ;"" :. '. cutting dO\-1n . the . radiant · heat .. e'Xtending to the lumber storai1;e across 

I ' ... .' .. .... . , .... , .. : .. " " 'Hi' J. " 101 ' d" .,' .' I 

:)j.) }:. · r ;~·.';; .. :,; ':'. :",}:/'.::,:,;",: gl, ,~~'y; ,j: . , ,.~: a,n . /-:, it:J., ;·;c,o..,.Y, ~r.~ng ;; I. " tl;\e ;. ! ~xDOS ure :"to' ·the '&Ou th I nuildin~ 224, 
· ' r ·j·· '·"'·\· !"·,/ · · .. \ ·" · .,· h ·· bl" k J~ l " "t' " "q""" i ,T J " \:"0', , ' . "., 
·' ·,c·:.;. · :.~c" · ; :,..;};(.:, ~>"~ .. :::t e ·'C,at:,r.,. DC er,;:shop. ':.··The,I·.deluge:,",'E!un;· was::ialso "used" tO " extinguish fire 
'.' , ... , . :',.''': .' ', ""''-:in '' three ': wo_oden'; · ~1;·~1·~ty · : pOl~·s:.~;~dj~c~7~t/ to I, the -:;.fire building •. 

'.'.t., JP» 

. ' ' •. : ' 

.':' '. '.,.: .' -, .. ·:F.n~ine · : 2, commanded 'by ',Captain John Paxkes arrived 
immediately behind ' Enr,ine 1 yi th ' two ': fire -fighters .and'laid a 2 1/2 1' 

-line from the west side of the building to hydrant 338, Th~y then hand
stratched a second 2 1/211 line and both line~· ~Yer'e positioned on the rail
road 'tracks cov~r:t.n~ ·the . exposure :on che west side:- Building 2118, 
Rallr~arl Repair Stora,ge, BuiJding 2720. Railroad ~poit' Shop j and Building 
2111. PaintStol;"age Locker. These buildings ~ .. erc (lne-huno.t"cd-and-one 
feet from the fire · build~ng. 
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J! Fire Chief Rohert Vath, coming to work for the day shift, 
arrived a:t' the fire station £Ind 'Was told of the fire at Building 225. 
He- irllll1ediatefy - respondcd a'nrl ' arrived- on -the fire ground- at 07 13 hours. 
Upon ,his arrival, he found, that one-third of the roof was collnpsed ond 
fi-re \;las "Fireballing'l four-hundred feet into the air with fifty-five , 
gallon drums explodinr. and . landing throughout the area.. He used a five
hundred GPH pUT'lpar to patrol the area to extinguish fires started by 
these drums and flyihg fire ' brands. At 0735 hour$~ a call Was put out [or 
all off-duty Crane fire f,ighters to respond from their homes. Ten memhers 
responded and along 1"ith the fire prevention supervisor and inspector, 
they helped handle hose lin~5 , and combat the fire. In all .9ix.2 1/2" 
lines were used. two into a delu~e ~un, three with straight streams 
and one wyed to two 1 1/2" lin~s. Sever.-31 booster lines Were used .in the 
ar'ea for incipien~ small fir.e,s. The fire 'WaS secured at 1114 hours. 

(2) Person, in 'direct charge of fire fight.ing operations: In 
the early stages of the fir·e·; 'Captain Charles Hal.:kins, ' Acting Assistant 
Chief. was in command until r 'elieved by Fire Chief Rob'ert Veth at 0713 
hours. ' 

(3) Evacuation anc;1/or rescue operation's: Rone 

'(4) I'rote.ctionof exposures: 
225 were: 41' 

~]<]:lDSUre No. Building 

" I ' j Lumber storage 
2 Buildin'g 224 
3 Building 2118 

. 4 i! Building 2720 
5 . Building 2111 

• 
The following exposures to ' Building 

t 

D1staut:e Direction 

83' East 
175' South 
101' We.st 
101' West 
130' Northwest 

In B normal fire.~ these buildings woul d not be considered 
iJiunedia~e exposures. However, due to the nature of contents of 
flammable liquids p£ Building 225" , with the large 'Volume of fir(t and 
explosions. these buildin,li:s were ', severaly, threat~llled. Two factors in 
co~finin~ thi~ fire to the , buildin~ of origin wer~: 

and, 
(a) Excellent p,lncement of masterl str.lll1l.ms and hose lines j 

, , 

(b) Building 225 :.- the walls were conostructed of '8" concrete 
poured' over re~nforcing rods. The ,strength of tb~se walls ahsorbed the 
heat and withheld the force and intensitY' of 'the fire channeling it 
vert:ically,h.i~h ' into the ' air,nnd .withholdin~ it flrlPm exr.endinp; horizontally 
on all ' sides. Hy,d the building's '''"a 1 "!_s been, of a®Y other construction. -
the results of containing thi.s fire to the. buildi.lll:g of orip-in ",ould have 
been disastrous. (Refer to Attachment 1 for plac~ent of lines to cover 
exposures.) 
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{~) 'Extinguishing opcrati~ns: 
2 1/2" lin'cs: 

Engine 1 laid a total of four 

.1 .' 
. One. 2 1/2"- line straight tip to north side of hui1ding. 
One 2 1/2" ~ed to tuo 1 1/2" lines to \lest side of fire. 
Tuo 2 1/2" lines to a deluge gun southeas t corn8r of fire -. 
Engine 2 laid two 2 1/2" lines '- one to cast side of fire 
end one , to west ~ide of fire. 

(6) Salvage ope~itibns: None were performed as all of the 
contents were destroyed. No overhauling Was effected and security 
a;;d 6t:andby lines ""ere left: with the -fire detail. 

. (7) Summary of equipment and extinguishing agents used; Fire 
Department records disclosed that 2,500 feet of 2 1/211 hose, 1,600 feet 
ofl~" hose discharging a to~al of 328,000 gallons of water. A deluge 
gun and various hand toolswer-e also placed in service. It was first 
thought -r.hac AFFF (lighe: water) was used for extinguishment of flamnl<lolc 
liquids. however, dlIe 1:0 the intensity of the f:tre and the inability . 
~o get close enough b~cause of the radiated heat this idea Was abahdoned. 

(8") ·Unusual circumstances during fire: The exploding fifty-
five gallon d.rums of various flamma.ble l,iquids cDscadin~ into the air and 
then exploding all about the area presen'ted a f{reat hazard to all 

, : .peisonnel operations at this ,fire. 

,j 
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, . . 
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S. 'CAUSE OF FIR~ 

Deterioration ' of containers allowed contents to seep out' onto card
board , containers and wooden pallets causini spon~aneous ignition, 
Witnesses that discovered the fire and first ' arriving fire fighters. 
placeq the fire at the second doorway, west \<1a11.5 as illustrated in 
Attachment 2. Referring to Attachtnent 3~ "Locat"ion of Contents", the 
s,torage at location 63 was cellulose nitrate binder and brol·m wrapping 
paper. 

. ' . ' 

It was also. in this area 'that the interior concrete wall spalled most 
severely and a "sagging '0£ the metal lintel" oVer the metal doo1,"uay was 
founq. __ For tbi.s Dlutal fatigue to take' place, a long period of high 
temperature had to exist. Yurther examination of all other 1i.ntels did 
not: show' this sagging. - 'the' One pint and one quart. ' cans in the area t"here 
the fire originat~d were · probably lithe small arms type fire" reported hy ' 

' the first witn.ess. Arson '-1as ruled out as a possible cause of the fire 
due to the lack .of any hard or ' significant eVidence. 

, , . , 

6. .LOSS OF LIFE_ AND I'Et-SONAL INJURY 

~- I 

There '''as no loss of life or injuries sustained as a ' resul t of this 
fire. 
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7. PROPERTY LOSS • 

a. 
a. total 
account 

.' . 
, ' j , 

Bl.d.lcUngs: . For ' .1'1,1 practical purpose"s, 
loss. . Per OP.NAVINST 11320.25, the loss 
value of $41,072.' . 

b. Contents: $300,000 

c. Other than N8VV proocrtv: None 

(1) Navy Property: $341,072 

(2) Oth~r th~n Navy property: Nqne 

, 'l. .. 
• ~ r :. 

8. CONCLUSIONS 

a. Violation of regul~tions: , . 

th-c hu:L1din~ iJ:; consioc'fed 
is the oriRina1 plant 

. : '~' ~ 

(l) ' ApproximatelY ' fifty percent · of the material . in Building 225 
was scheduled for dis~osal per an inventoty check in April 1976. 
.Reportedly. some of. the materials could have been in stora~e for ten 

' y~ars or 'more. The physical evidence ·av~ilable after the fire inclicates 
": Severe. container deterioration oVer ·a long perioll of time. Obsolet:e 
:.,'matinials should have be.en disposed. of, o~ a routinlE! scher1ule baSiS, 1. e., 

quai~erly, semi-annually. or yearly, as needed •. 
. I 

.; 

. ! 
{. a 
j 

(2) Lack of re4uired automatic s~rinkler protection iesulted in 
loss of the entire building and content·s. 

i l 
~ (3) Unrecorded entrance into the. ,building by a worknlan six days 

priol:' ·to · fire. ( 

. b .... 'Pailure' of equipment: None 

. c: .' Delaved alarm: None . I .· 

. . . 
. . ~. R~aluation of fire fightirtft operations: Very ~ood - The ability 

of the: 'actinr- assist.!lnt chief to realize early in the fire th3 t a fire. 
,of major'proportions was .underway and the tire d1!~artmcnt's ability to 
b-ring to .bear the largest size lines and deluge gun. and the placement of 
t:·hese ' ,in str£lt~gic ' positions was' instrumental in confining the fire to 

. the building of ,origin.' ... ' . 
. ' . , . :.-.::: '.: 

e~ ' . Prevention nnd,(or lo~s minir.l~ · ;ation: . The size of the fire loss 
would have 'be.em significantly reduced if only useahle materia.ls Were in 
storage, and if. . t he building ' wer.e f u11 y . sp rink~eIcd • 

. . f. : Other ' conclu5ions: '. 
j 

" ' . ' ().) In '.June 1975 a fire occurred in ' Buiiding 8GB due to :J.~nk~)1f! 
.' chonltBfilnicfrs of n1echyl etl1,Yl ketone pe!oxide which 've:r:e stol'cd P8sr>i1icir :.?~.:.: ;.:.', •.. ~,:~ ... ?, j:' 

'i s e . e.: : COl"l;sequent y . .. . a .. ser.:I.~u~ " p.~obli:7m . appears ' to: be ,clc:ve1"O,p.·:!rnr. ... .::-- ,: 

f~g~~" ~::': : ':S'~: ;:'~ ';;"'~;~~~~~~*~~~i'S~;~J\~l~~,:;" ,,,~,*~~~~>,~~ , -: ,~ .:.~, ':" '~~~I 

p 
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regar~in~ ·thc · storage ~f outda~ad hazardou~ materials. Until a suitable 
progrnm 0,£ promp.t: ,disposal 0.£ ohsolete items can be establishcn .and 
implemented t • Hres in stoioga areas can be anticipa.ted p'l:!r.iodically at 
this ,facil1.ty. .. . i 

(2) This "Iner!.:" ~a~:house building contained useable\ and un
useable storage items consisting · of ordinary combustihles (gauze, tape, 
etc.), flam..-nable l:i.q'Uids, combuStible liquids, oils, grease, and caustics. 
The monetary ~alue in thi~ fire loss would have been drastically reduced 
under the f91lmdng conditions: 

(8) Storage limited to useable items only. 

(b) Physical isqlation hy way of one-hour rated walls or 
partitions of hazardous ' materials (flammable/combustible liquids) from 
'all othe~ storage.~ 

. ; I i . 

(3) This investigation disclosed many people operating at the . 
fire in shirt sleeves .. , If a "blast" had occurred, the Navy ~ ... ould have 
sustained many burn victims. On fires ot this type, io the future, all 
personnel operating .,ithin the hazardous area should l-lear protective 
clothipg. • 

,1 ,- 1 ' 

,j 
, .J 

,'I 
'j, 

'- I 

j 
I, \.0 L/ 

.'. . a. Establish and implement a suitable proRram for the disposal of 
excess. obsolete, or outdated hazardous materials. The firs~ goal of 
such a program youlcl be to f~nd any hazardous materials in'deteriorati~R 
containers and immediately dispose of them. 

b.' A survey · should be conducted,. by activity personnel of all storage 
struct..ures to pinpoint the location,' quantity, and ext~nt of outd,a.ted, 
obsolete, pr ex~ess hazardous. materials. 

c. Store useable material~ in buildings separate from unuseable 
materi,als • . 

" " " 

. d. Purcha·se a 750/1000 GPM deluge gun with three 2 1/2" intakes and 
a st:a~~ed tip of 1 1/2", 1 3/4". and , 2" tip fo~ fire department use. 

, . . 
e. Buildings or Structures used 'for the gtora~e of hazardous rna~erials 

(flammable/combustible liqUid!':,' acids. caustics, chemicals, ~tc.) must 
comply· With the requirements of.NAVSUP Publications 284 and 284.1 and 
NFPA,Standard No .• 30. These codes incl~de criteria for sprinkler protection , 
segregation of materio.ls (flammable, acids ,. caustics, chemicals J etc.) J 

, and ~pp,l:.)priate stor..:lge arrangcmcmts. 

, f. · . Reev.slu3te oa.;e ' pt:oc,~dures, : for access to secured buildings Clnd 
upda te :tf needed. ,.: ': ' ,' " 



LOCATION 

51-1 

51-2 

51-3 

51-4 

51-7 

51-8 

51-9 

51-10 

, 52-1 

52-2 

52-3 

52-7 

52-9 

52-10 

53-1 

53-2 

53-3 

53-7 

53-8 

53-9 

53-10 

FAX 
;. -

" 4 , 
, , 

CONTf.NT5 

Wood pres~rvativp. 

" 
,t 

" 
II 

II 

1/ 

" 
1/ 

" 
11 

II 

11 

" J 

II 

.1 

" 
II 

II' 

II 

'. ) .~ , 
II 

II " 

" 
II 

" 

" 

" 
II 

, , 

- H 

II 

II 

.. 
It 

II 

' . 1r ,,-

11 

\I 

II 

/I 

" 
II 

1/ 

II 

11 

, .' . \ ," " . : "'. . . • 1, :-, ,~ " -, .:: '.:.':" 
,II 

II 

' .. 
' , '-. ' 

.. 

,', 

.. ' 
~ , :. 

~-, . 

: '. , •• ': \ : ::. ,I ~ ~ 
,'I . 

': ' 

" ," 

, , '-

. ':1 .,: . 

' -:- ........ 

. -, .,' 
--, 

" , 

" , 
" .. " ,' 

",:! ... : , ', .. : ~'. '-r 

~ " ,. 

" -
'. J 

, " 
'!', .'" . ....... , ' 

' I 

lGjVl.l. l V "' J 

/' 

<2IJANTITY Contil i n(~ r 

?172 lb~. 5S r.a1. Grun~ 

II .' ,: . ~ II 

, Ii 11 

" 

11 
, .f 

II' " 

/I 
II 

, II ,II 

" " 

" " 
II 

II 

II II 

1\ II 

.. II 

If II 

II 

II " 
II II 

" 
, II /I 

II II 

II 1r 
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LOCATION 

511-1 

5~-2 

54-3 

54-lj· 

. 54-7 

54-8 

54-9 

54-10 

55-I' 

55-2 

55-3 

SS:T4 :. 

55-7 

55-9 

55-9 

55-10 

56-1 
, ! 

56-2 

56-4 

56:"8 

.. 56-9 

56-10 

. ~ -' 

ys ~. _ .. 

.-....... ,. 
..... . . 

Acetone 

Wood p~~servative 

\~ood Preserva 1:i ve 

Wood Preservative 

Aisle space 

" 
11 . • ~ 

.. ~-

.. 
'Thread 

Thread 

. ,', 

Dispersion narex 

- " .. ' 

. r -.. , _ • 

. ....... . , . 

.. . 
" 

.. . . , 

.,' : ( :, 

,: OctadPocylarnine t practical 
~ .' . 

, , 

Dispersion darex . ' ,' ~ '. -
• ' ..' • • .'.' ~. v " • 

• • I . • ~ ',' • 

. Ahle space ' . , 
I • • • 

0' •• " .'. 

. . ' ,:::~ Ais~e space 
, ,,' , .. ' 

Thr-ead 
, , 

': .' :: " 
TolL.lene . " 

-"', . , .. ' 
.' ,r-' 

ProtectivE! Coating ~dh~siv~ 
, ',. , ', e ' 

.,,' .\ .. . .. " 

: . 

,- , . ~. :~ . 
< , 

. ", .' ',' ." '. '/,.' .~'~.l ..... ~:; .' .. ,~:.~ " 
., , " ,; __ . :!,i ' .. ; .... , . -- . " , .' 

. .. ~. ' \. . . ' 

-: . . 

" 

, , • ' O J 

, .. . ~':. \ .-

" ',:'" 

..... 

<' • 

" 

. 

" ' )', . 
, ' 

! 

j '. 
! 

'. I 

, ' ; . " .. ' 

"'-:- .... . . . ... ' . ' . . 

C)IJANTl'i~ 

750, gals. 

2,500 Ibs • 

2,500 Ib~. 

?o,soo Ins. 

?a 50n Ih:=: • 

1,000 spools 

1,000 5pools 

75 p,als. 
lAS Ibs. 

75 eals • 

5,B4l spools 

975 eals. 

II 

, ' , 

5 ~al. citn~ 

55 r.a1 . ciT'\Jr:lS 

SS r,rtl. dru~~ 

55 e;aL dru(Tl!'> 

55 r,al. n1"'urlS 

ROXClS 

Boxes 

5 r.al. cans 
boxes 

5 saL cans 

Hoxes 

5S r,al. orums 

5 Cal. CL'lns 

11 

---- '; r 
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LOCATIOIl 

S1-l 

57-2 

57-3 

57-4 

\ ." 57-7 ...: 

57-9 

57-9 

57-10 

S8-1 

5B-2 

S~-3 

58-it: " ., 

58-7 

, 58·8 

58-9 

58-10 

59--1 

59';""2 

59-3 

59-4 

S~7 

, . ,59-8 

59-9 

59-10 

·l 

5ili~one Grent:a 

~ilicone (;l'easa 

Silicone r,~p.ase 

Me'thyl F.thyl Ketone 

Fla!'ldinc Seals 

Methyl Ethyl "Ket:oM 

l~p.thyl Ethyl Ketom~ 

Silicone Greasp. . , , '\',. 

Silicone Grease 

Adh~si\le Dor>ax 
,,' ~lue enamel 

Plastic ~ol<iinr; 

.. 
: ,," 

. .. . ," 

• JI I 

, • r ' , 

5qdiuI"l flueOl"eceinds 
Installation rnst:ruct~on she~t5 

Parchloroethlene " .. / 

P~rchloroethlene 
, " 

Silicone Grease 

5ilicone (;rease 

Silicone Gl~ease 
" / '" 

, . Silicone Greage 

., ..... -: 

Protec~lvQ Coating Adhesive 
Ti'ichlorethylene . . .. ., . 

~ , 

C;omp,ound Champel ',, : . 

Nylon Re:::in , . "' : ' ; 
.. Adhesive Re~in ' : ;", .. '".' ... ~' . , : ', .: 

". \ .:.: .. ... .... :~. :"':( . :.-:, 'r .. / ~_ " _ .; . ,." ." " " ';~' 

., 

• ' . j • •• ; ~... . ' ' , • " . 

" : ' . . '. ' 

• .1, 

'. 

"" .":" 1. ,~ 

=.' ~ .' ~ .. 

. , 
3 

qll A Il,T PH! COUT/\, !~!I" .. ~ 

2100 11,::; • 50 lh. c., f):C; 

:noo lhr.. SCl . 1h. eiln::; 

2150 lhs. 50 Ih. C\lnR 

2150 IDS. 50 1h. cans 

240 11('\ 15 , 5 e~l. Ci".ns 

22,50 0 nox~::; 

555 l1a l s • 55 J3al. orul1s 

$00 ~al~. 55 r-a1. ~rul1~ 

1300 10:;, SO l~. cans 

1300 Ihs. 50 lb. can$ 

lLJOO Ibs. SO In. can s 

102 Ibs. 5 eal. CilDS 

530 ~als • 5 foal. cans 

125 lhfi • fiher drulTl 

4RO lhs. 100 lb. fiher <ir', 
84,,925 Box 

495 ~als. 5 gal. cans 

lt95 ea1s . 5 Bal ~. cans 

1100 Ihs. 50 lh. cans 

1100 Ihs. SO lb, cans 

11'50 lh~. 50 lb. C<l.ns 

1150 11'>5. 50 lj-), cans 

575 Ih~. Fiber drums 

20S r.als • 5 cal. ,cans 
11l,O ~a1:<;. 5 r.a~, can.e:: 

1000 Ins. 5 r,al. cans 

100 e;als,. 55 r,al. drums 
200 Gills. 55 eal. can~ 

* ". 

-------
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LOCATION 

60-1 

60-2 

60-3 

60-4' 

60-7 

60-8 

SO-g 

60-10 

61-1 

6.1--2 

,. 61~,:3 : ':, ' .. ~. 

~1-4 , 

( 
'61-7 .. : 

) 
61-8 ' .. " 

.. 
j 

61-9: 
, ;; 

6l- "'}O 
, ' : 1 

" . 52-:} , 

: . ' 

C,ONTl':UT:; . -
• nlutl! p.nall\(~l 

" ' 

.. - .. 
" Bl.ue enam~l - ~ .. ' . 

. .. ' 

[Hue enam~l 

Grease 
7.inc Chloric\e 

Yp.llow stF.nci1 paint 
Tape 
Wa?, paraffin , 

'Emp'tY 

l-;fI1pty 

F;J1lpty , 

r.JTIp t:~ 

Stannical 

. ; . 

Yellow , enaMel ",: 

J)evcon 
II, 

Enamel 

" 

" 

, ' , . 

, " 

Trichlorethylene " ~ ' . ' 

Trichlorethylene .. 
i·' . ', ' 

, Red enamel 

.Red enamel 

62-3 R~C\ enamel 
. r' 

62~~ Red enamel 

62,-7 

62-8 

I • 

62-9 

' 62-10 

, i 
) , 

. ~ :-
...... 

Aluminum cnaP,lel " , , , 

flodiun 'Hydr'oxide ' , ' :', ',' , 
.... , I ' • 

" ' .. 
Araldite Harq~ner 

,'/ ... . ', ' 

" '. ,, 'j 
, " 

• , ' I, 
. ' I • 'r 

. ' ..... ~.:' 

" '---.."..--~- _:_. _~"""'I :~. " _ ' J. -. , ... , :~ . .' _: .•• . :~ _ .. _: ',_. __ " .- _ .. . 

QUArrrrTY CO!J TA T! U:R 

166 ' !"al!>. 1 p;nl. Cilm 

\. 

lfifi 
I 

1 r.-' 1. • f'.\\ 1.<: • 
\., 

can ~ 

J:6& ~ Gal. Bi\l~. CCin ~ 

200 Ih!':. 50 Ih. ca ns 
9n lbs. 5 1h. j Cl r-s 

1.5 e;als. 1 e;al. cans 
1.29 rolls Box 
200 Ib~ • 110x 

-
. 

• 

t 

90 gals. 5 gaL ca l 

, 1.60 Bals. 5 r;al. cal 

235 lbs. 1 I h. ki t !: 

55 gals. 5 ~tl l. C<'i r 

100 gals. 5 Gal. car 

100 gal!'>. 5 .. , p;al. car 

6B gals. 1 gal. car: 

69 r,als. 1 gal. c a r 

69 gal:=:. 1 gCllo c:",r 

69 r,als. ,1 CCll. c a r. 

120 eals . ' 5 Biilo c an 
I , 

'" .' 1600 Ihs. Ho}:es 

1350 lhos. 55 fla t. dr 
. " .... . -.' .. 

I, 
l~,;_ . 
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PAX 
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LOCATlotf 

63-1 . 

. 63-2 

63-T 

63-8 

53-9 

64-1 

64-2 

• I' , 

64-7 . 

S 
6l:-B 

'I " 1 . ' 
6l-9 . . 

(' 
64':'10 . 

n 
.. :15

- 1 
, 
65-2 

' / 
! 

'J: 

• , ., ' .... .I 

I ' .' 

, . 
, . C()Un::-JT~ 

~ , . . , 
Cellulo~c Nitr~~c ~indnr 

-, ,. 
Cellulose Nitrate Hinder 

, Cellulos~ N1trate Binner 

Brown wrappinr. paper . . . 

Araldite hordener 
;' 

Linseed Ou ' . 

Araldite 

t\raldita ·'1 .1" . 

',:\ \. .~ .. ' 
Aisle space 

~~sle . space 
. " 
Aisle space 

Aisle space " 

.. 
.l-:n~lMel r 

Desicant 
i I . . ( 

Desican't 

Desicant 

Black enamel " 

Black enamel 

• . , ' ,J 

,, ! . 
• • r t ~ 

" , ' , 
[65-3 . . . ··,yellow . stencil ink 

~5-4 

! 65-7 

65-9 

65-9 

, 

, :.:" .Yellow ' stencil ink 

Hax paT"aff"in 

Staples 
• 0, , .~"" 

T?ope ·, 4 ' • • ; " 
, . 

65-10 ... , .:' Co}:lal t tjapthenate .', .. : ... ,. 

, :. I 
. . ' : ., I . . · .. '.: .. ,>: . ",~ · i .'. i·'; ,' ,);;.: "::.:' >. 

J • • 

.\ 
r , 

/, 
' . 

. ' J :. .: 
'. 
i 

, 

i 

1 

·1 

\ 

\ 

· 1 

. , 
..... ~ .. :, 

, . ... . :;." :.:, ' ., 

5 

_ _ .. J 

QlIANTJTY 

3525 Ihs. 

3~/~ Ih!'> • 

3'S?,5 ,lh::; • 

5, rolls 

900 Ib$. 
198 eals • 

1030 Bals • 

5000' los. 

5000 lhs. 

85 Bals • 

9830 lhs. 

9830 lbs. 

98~O lbs. 

150 Bals, 

1SS gals. 

sao tuhes 

500 tuh@.s 

100 lhs. 

1650 h,",s. 

110 gnls, 

S5l45 lbs. 

CONTAn:1 

l1ox(!s 

. ' . ' 1I()xe~ 

Hm«ls 

Hand.ed 

55 p;r'll. 
5 gal. e 

5 ~al. c 

5S ~al. 

55 Cal. 

1 Gi'lL Ci 

rihe'r" OI"t 

Fihep drl 

Fiber' dr\ 

5 gal. C~ 

5 gal. ' cc 

Boxe s 

Boxe$ 

Box 

Pallet 

5 g i'l l .• ca 

S5 r,al. d 

.1!u 

'" 

"" ,_ .. _---- ------_.- - --
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,LOCATIrm 

60-1 

66-2 

66-3 

66-4 

-
66-7 

66-9 

66-9, 

66-10 

67-:1 " 
" . I , _-

,. 
, . 

J 

67-2 

,. 
67-7 , 

','I
i 

' , ' ' , 
;' ," 

i ' ' 
:j 67-R 
! 

(\7-9 

f) 7~10 

6A~1 

G8-2 

6A-3 

fiO-4 

" 

.! 

, ' 

cotJTJ:;ns .. ..-

Adhesive! . 
, -: --

Adhe!\ive 
" 

Adhesi"e 

, Yellow s'tencil ink 

Ena!'llel 
Staples 

Varnish , 
- "-I I' 

Electrical ,ta'pe' 
• : r • • 

Tape 
Insula'tion 'tape 
Clot:h 'tape :"" 

Tape 

" tiesicant 

!' 

J)esicant 
,f 

Pesicant ", 

. ' i) Desl.cant ,,' 

Sodium Flueo~eceinns 

. rrimercoa'tin~ 
, , ~~x ,, --

Teflon ho't'tles 
Varnish 
~ape 

, Tape 

Tape 

Solvent: " 
" • ,_ • I,. 

=-. : 
Adhesive 

'. • t - " , • 

-~ , ' ' 

. . ' ' ",~ 

and cap~ 

" I· - , , ' 

" '. 

- : ' .. ': 

, 0 , : , " 0" , .... 

, ,-' 
, . ".': " 

o. . . 
-' :,:, , ' ': .. ~':,:-, :.:: ., ::", 

. " , '-, ', : -.. 

, .. " ' 

..... 
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QUANTl1'Y 

30 r.al~. 

30 p,als. 

llO gals. 

500 tuhes 

200 flals. 
1000 

316 qt:s. 
1117 rol1~ 

504 rolls 
1449 roll:;; 

:: 32 rolls 

96,177 yrds. 

' I 

I ' 
1,200 hn.cs 

1,200 bats 

1,200'hdf,S 

500 Ins. 

10 p'al~. 
,150 lhs. 

ll,oOO 
3"7 Eills. 

20 rolls 

400 rolls 

~}no roll~ 

15 ' cal!'>. 
I " 

·100 foals. 

100 ~C\l.:;. 

" J 

10:l gals. 

J 
I 
I 

\ 

\' 

CON'fAI;~nt 

I r.i'll. Cilns 

j " r,al. cans 

T~aL can s , 

l10xes 

5 r,al. cans 
, Boxes 

1 q't. cans 
Boxes 

Boxes 
Boxe s 
Roxe5 

Boxes 

fiher dru;'l !': 

Fiu 2 r' drums 

Fiber drums 

tiber drums 

100 Ih. fib el~ 
drUfll 

1 13"1. 
Bar,s 

Roxe5 
1 11(1.1. 
Box ' 

Boxe5 

5 p;nl. 

1 Bal. 

1 r.al • 

1 gill. 

can~ 

cans 

can!> 

cans 

cans 

cans 

:rl 
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flS-7 

, ' 

: :. 

Brown p.nilmel 
Graphite , 

Iirown enal"lel 
Palle~ ed3e p~otcctnpK 
, " I , 

PolyUT'(~thane foam 

POlyurethane foam 

Gauze 

Gauze 

GaU7.e 
Drillin~ -oil 

llechloconiethane 

. .' r : 

Plastic adhe~ive lacC),Hp.I' 

_' Ir.esicant 
Gauze 

Yellow enamel 

Yellow enamel 

Nolyko'te 

'il 
GaU7.e 

Gauze 
... 

Gauze 

, - Wood preservatives 

Lacquer, 

• • I , 

-.. 

• 

.. 
La.cq\le~ 

" , 
~ 

Jl8cquer 

, , '" '. ,:,:~ '~ '.'-),,:,;:.: ", i"./,:\: :~: " :,~:' < :.: . ,',_ 
" ' " 
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. 1. 
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OIlM!TJ'j'Y . 
2Sn Gals. 
Sf) ltJg. 

7.50 f,('ll$ • 
61 

1500 r,als. 

1500 8als • 

50,000 ft. 

50.00 0 ft. 

SO,DOO f't. 
15 pts. 

1.50 r,als. 
29 eals. 

l4,flOO hans 
3,320 f,t. 

43 'eals. 

25 gals. 

~oo gals. 

37,500 ft. 

37,500 ft. 

37,500 ft. 

37,500 ft. 

530 Cals • 

530 1301$. 

5-30 ~<lls • 

525' ea1s • 
I 

lUO -[!ala. 

, 100 Ca1s • 

100 p'a15.-

100 nals. 

.' : 
; 

j' 

\-

.... 

COiITf\J,::r: :~ 

5 r,al. CAns 

PrllT'l 

5 -r,al. cl~ns 
Rax. 

55' r,al. or'\IT'\s 

S5 gal. nrUIT\S 

Boxes 

Boxes 
1 pt. cans 

5 eill. can~ 
1 eaL C"Jl~ 

Fiher dru~(; 
}\OXP.S 

1 l!al. car,.S 

1 68 1. cans 

5 r;al. cans 

Boxes 

Boxes 

noxP.s 

Boxes 

55 r,al. nrW'l5 

5S G<'I1. rlT'UClS 

55 enl. nT'llfTlS 

55 ~al. drufTls 

5 ,p;a.l. cans 

5 eal. cans 

5 r,al. cans 

5 B~l. cans 
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tOCATION Cn~T~~TS ' 
,-, 

11-7 'Wood preservative!> ' 

7l-A Hood p7'eservati~cis 

71-9 Wood preservatives 

71-10 Wood prescrva~ives 

72-1 La'cquer 

12-2 Lacque~ 

72-3 

72-4- But)' laceta te ,': ( ;-

; , .' 

72-8 

,( 
~12-9 

'/ 
'.12-10 
{ 
! 73-l. 

,:-] . 
,, ) 73-2 

;'.1 
fj 73-3 . 

73-4 

73-7 

73-A 

73-9 
. ,~ . ' 

73-10 

Oranue shellac' 
Chlorinated rubher
Graphi~e , 

, Press ure 'tap~ 

Lactit:~ 
'Pres~ure 'tape 

r.acquer 
Star- vi'\rnish 

Graphit:e 
- I 

t. 

J,ead Car Seals 

. La~quer' 

,.-. 

..... " 
'. : r" ', ' :' ':-

Lac.quer 

vapnish 
~. Tr-icr~syl Phospha~~ 

Desicant 
Xy.lan, ' Tech'nical 

Toill1ene 
: ., \ • r 

Tolulene~ 

, ' /, 

" ' 

, " 

", 

: 

, .. 

'., 

. . ".~ 

()UMn'I'rV 

750 nal!>. 

750 r,als. 

750 Ca1s • 

750 r.~15. 

1140 ea1s • 

,130 r,al~. 

130 en1 !'>. 

as r.als • 
315 Ins. 
"30 1bz. 
,91 .lbs. 

· 3441 7'011s 

378 ~als. 
2860 rolls 

37 gals. 
10 ea1:=;. 

2300 Un;. 

53,.0'00 

1,00 gals. 

1.00 r.als. 

100 eals. 

315 p,al::;. 
10 Ibs. 

2,R04 hil~S 
25 gals. 
:. 
i 

,400 eals • 

400 gals. 

--

I 

\' 

\ ' 

CO:ITA lrWlI 

55 CC'l.l· clT'~ l:""l :; 

S5 p,al. rl ru 1"",:' 

55 ~i'll. drUMS 

S5 gal. drHPJS 

5 eal. enos 

5 ,,01. cans 

5 eal. C<lnS 

5 "al. cans 
fib~r' d I'll r::'l.;-i 
Paper' c11'UfT"IS 

Paper drums 
Box: ~, 

1 gal •. cans 
Box 

1 gal. Crtn~ 

1 f.>rtl. cans 

Paper drums 

Boxes 

S gal. cans 

5 ea : • cans 

5 gaL cans 

5 F.al. cans 

5 ~al. cans 
5 lb. cans 

tih~I' drums 
5 eal. cJ.ns 

55 ~?.l., drllf1)S 

55 r.a1 • drUMS 
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'1~-1 

74-2 . 

?4~3 

74-4 

7~-7 

'74-A 

74-9 

74-10 

15-1 

75-? 

75-3 

75-4 . 
" . I '. 

0 

75-7 

1.5- a 

· JS~9 
/ 
; 75-10 

'II a6~'~ 
. I} . 
,I . 
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, 

76-3 

76-4 . 

76-7 

76-R 

, . 76-~ 

,.' 
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, 

" 
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. COIITI:IJTS 

, ' , 

'~teaI"ic i3:cid 
',. J . • 

SteaT'ic acid 
.. ' I • ,. 

Stearic acid 

, . 
'-Stearic acid 

Desicant 

Desicant 

Desicant . 
., 

Desicant · . ,': (;. 

Aisle space 
,.:,\.~ f. 

Aisle spac~ . , . , 

. . 
Aisle space 

Sisle space 
' I 

O)."anee shellac 
Wax paraffin 

Chlorinated ruhhe~ 
' •. :' . ,.,' . . ,:1 l 

Empty . ' . 

• '", Jr, 

. Empty 
··f . .. .' . . ',' . - ~ . . ' . 

, , 
; . 

: ~ r 

. Miscellaneous elec~ical equ·ip • 
i 

MiscellaneoUS electrical equip < , 
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" ' . . 

f.mpty . , 

l;JT\pty J' .... ,\,u ' . . ' . . ' 
r . • • .. ' 
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I).non Ihf-. 
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19,655 bans 

IB,/?55 hoes 

16,665 bal1s 

-. 
, 

t 

t 

400 lbs. 
. 170 lbs • 

lJ,516 Ins. 

. , 

AO · lns. 
:' , , Wax paraffin . . : : . : . ' .. ", .' . 

• '. ' .• ' ,';, : ,: ' j:j ",.:, :.:~~~~" ,> ,. ~ _ ••. : _:.<." ,~:.;, .. ' ',::. ' ::;b~'~; ~ ,< /'. , 
. . . i: :-.: ," ." ', :':.. .: ,. ~ . : , . 

100 llls. 
'''. 

' . 
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.' 
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, 
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CONTA I;n:R 

100 1h. bClf,S 

. 100 Ih. bap;~; 
. ' . 

100 In. b<tr,f. 

100 lb. hap,,, 

riher drums 

fihcr d r U MS 

fiber ctrurns 

ri bel" dr\1Ills 

FibE'!r clrurns 
rib~r dr'Ur:lS 

fiber' dr>UfT\S 

"'7 

fiher drufT\ 
Box 
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77-1 Misc. }aect. J:quJ.,p. , 

77-2 

77-4 

77-7 , 

77-8 

. . 
Mis~. tlect~ Cquip. 

Lacquer 
Placards 

Brown enamel 
Aluminum . en~mel 

Pressure .tape 

17-9 Electrical tape 

77-10 

7B-l 

78-?- . 
... . . ~ ' . . 

7a-~ 

Ja-7 
I 

) 
';78-8 

r' 
) 78-9 

. :'/ . , 

,'J 18-10 
, J 

, " 
:J 79-1. 
I , 
: 79-2 , ' . 

, 79-3 

79-4 

19-7 

. 

'. 

.: 

Lacquer' : .~:~ • i 

Storage shelves .. 
'Storaee shelves 

Storage shelves 

Storae;e shelves 
., 

Thl'C!ad 
rf 

Thread, 

Thread 

. tname~ 

~mpty 

Em[>'ty 

Empty 

lilmpt:y 

Ceiline ',compound 
Prime~ , ' 
Styrene nonomcric 
r.acquer 
A~aldite ' h~rd~ner 

" 

. ! I I ',' 

" ' 
I " • 
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" 

.. 
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1 ~al. can 
}k»c.es 

5 cal. cans' 
5 ~al. cans 

Aoxes 

Boxes 

5 gal. cans 

·650 spools Boxes 

77Ji spoc).s Boxes 

1,029 spools Boxes 

130 6a1s • 5 ',gal. can!: 

'16 cals. 1 gal. cans 
;9 gals. 1 (tal. ~ .... ns 

279 lbs. 1 gaL cans. 
204 eals. 1 llal. C.:lns · 

91 lbs. 5 gal. cans 
S2 rolls Boxes 

.' . 
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NSA Crane SWMU 11 Human Health Screening Criteria - Surface and Subsurface Soil Samples

Residential 
Direct 

Contact

Migration to 
Groundwater

Residential 
Default Closure 

Level

Industrial 
Direct 

Contact

Migration to 
Groundwater

Industrial 
Default 

Closure Level

Volatile Organic Compounds
1,1,1-Trichloroethane 71-55-6 8700 N 870 N 3.2 64 5000 1.9 1.9 1.9 IDEM-RDCL 38000 N 6700 280 280
1,1,2,2-Tetrachloroethane 79-34-5 0.56 C 0.56 C 0.000026 0.00052 5 0.007 0.007 0.00052 RBSSL 2.8 C 8.7 0.11 0.11
1,1,2-trichloro-1,2,2-trifluoroethane (Freon 11 76-13-1 43000 N 4300 N 150 3000 NA NA NA 3000 RBSSL 180000 N NA NA NA
1,1,2-Trichloroethane 79-00-5 1.1 C 1.1 C 0.000078 0.0016 9.4 0.03 0.03 0.0016 RBSSL 5.3 C 15 0.3 0.3
1,1-Dichloroethane 75-34-3 3.3 C 3.3 C 0.00069 0.014 1300 5.6 5.6 0.014 RBSSL 17 C 1700 58 58
1,1-Dichloroethene 75-35-4 240 N 24 N 0.12 2.4 310 0.058 0.058 0.058 IDEM-RDCL 1100 N 410 42 42
1,2,3- Trichlorobenzene 87-61-6 49 N 4.9 N 0.087 1.7 NA NA NA 1.7 RBSSL 490 N NA NA NA
1,2,4-Trichlorobenzene 120-82-1 62 N(4) 6.2 N(4) 0.0068 0.14 1800 5.3 5.3 0.14 RBSSL 270 N(4) 4900 77 77
1,2-Dibromo-3-chloropropane  (DBCP) 96-12-8 0.0054 C 0.0054 C 0.00000014 0.0000028 NA NA NA 0.0000028 RBSSL 0.069 C NA NA NA
1,2-Dibromoethane  (EDB) 106-93-4 0.034 C 0.034 C 0.0000018 0.000036 0.3 0.00034 0.00034 0.000036 RBSSL 0.17 C 0.49 0.0096 0.0096
1,2-Dichlorobenzene 95-50-1 1900 N 190 N 0.36 7.2 2800 17 17 7.2 RBSSL 9800 N 3900 270 220
1,2-Dichloroethane 107-06-2 0.43 C 0.43 C 0.000042 0.00084 3.7 0.024 0.024 0.00084 RBSSL 2.2 C 5.8 0.15 0.15
1,2-Dichloropropane 78-87-5 0.89 C 0.89 C 0.00013 0.0026 4.5 0.03 0.03 0.0026 RBSSL 4.5 C 7.2 0.25 0.25
1,3-Dichlorobenzene 541-73-1 NA NA NA NA 420 2.3 2.3 2.3 IDEM-RDCL NA 890 8.9 8.9
1,4-Dichlorobenzene 106-46-7 2.4 C 2.4 C 0.00041 0.0082 42 2.2 2.2 0.0082 RBSSL 12 C 73 3.4 3.4
1,4-Dioxane 123-91-1 4.9 C 4.9 C 0.00014 0.0028 NA NA NA 0.0028 RBSSL 17 C NA NA NA
2-Butanone (MEK) 78-93-3 28000 N 2800 N 1.5 30 44000 35 35 30 RBSSL 200000 N 70000 250 250
2-Hexanone 591-78-6 210 N 21 N 0.011 0.22 NA NA NA 0.22 RBSSL 1400 N NA NA NA
4-Methyl-2-pentanone (MIBK) 108-10-1 5300 N 530 N 0.45 9.0 12000 20 20 9.0 RBSSL 53000 N 29000 75 75
Acetone 67-64-1 61000 N 6100 N 4.5 90 35000 28 28 28 IDEM-RDCL 630000 N 51000 370 370
Benzene 71-43-2 1.1 C 1.1 C 0.00021 0.0042 8.4 0.034 0.034 0.0042 RBSSL 5.4 C 14 0.35 0.35
Bromochloromethane 74-97-5 NA NA NA NA NA NA NA NA None NA NA NA NA
Bromodichloromethane 75-27-4 0.27 C 0.27 C 0.000032 0.00064 10 0.51 0.51 0.00064 RBSSL 1.4 C 17 0.51 0.51
Bromoform 75-25-2 61 C 61 C 0.0023 0.046 280 0.6 0.6 0.046 RBSSL 220 C 580 2.7 2.7
Bromomethane 74-83-9 7.3 N 0.73 N 0.0022 0.044 9.9 0.052 0.052 0.044 RBSSL 32 N 13 0.7 0.7
Carbon disulfide 75-15-0 820 N 82 N 0.31 6.2 900 10 10 6.2 RBSSL 3700 N 1200 82 82
Carbon tetrachloride 56-23-5 0.61 C 0.61 C 0.00017 0.0034 3.3 0.066 0.066 0.0034 RBSSL 3.0 C 5.2 0.29 0.29
Chlorobenzene 108-90-7 290 N 29 N 0.062 1.2 380 1.3 1.3 1.2 RBSSL 1400 N 510 27 27
Chloroethane 75-00-3 15000 N 1500 N 5.9 118 80 0.65 0.65 0.65 IDEM-RDCL 61000 N 120 10 10
Chloroform 67-66-3 0.29 C 0.29 C 0.000053 0.0011 3 0.47 0.47 0.0011 RBSSL 1.5 C 4.7 6 4.7
Chloromethane 74-87-3 120 N 12 N 0.049 0.98 NA NA NA 0.98 RBSSL 500 N NA NA NA
cis-1,2-Dichloroethene 156-59-2 160 N 16 N 0.021 0.42 110 0.4 0.4 0.4 IDEM-RDCL 10000 N 140 5.8 5.8
cis-1,3-Dichloropropene 10061-01-5 1.7 C(5) 1.7 C(5) 0.00015 (5) 0.0030 (5) NA NA NA 0.0030 RBSSL 8.1 C(5) NA NA NA
Cyclohexane 110-82-7 7000 N 700 N 13 260 7200 330 69 69 IDEM-RDCL 29000 N 9300 1400 69
Dibromochloromethane 124-48-1 0.68 C 0.68 C 0.000039 0.00078 NA NA NA 0.00078 RBSSL 3.3 C NA NA NA
Dichlorodifluoromethane 75-71-8 180 N 18 N 0.61 12.2 NA NA NA 12.2 RBSSL 780 N NA NA NA
Ethylbenzene 100-41-4 5.4 C 5.4 C 0.0017 0.034 4600 13 13 0.034 RBSSL 27 C 6800 200 160
Isopropylbenzene 98-82-8 2100 N 210 N 1.1 22 1400 11 11 11 IDEM-RDCL 11000 N 1900 140 42
m,p-Xylenes 179601-23-1 620 N(6) 62 N(6) 0.20 (6) 4.0 (6) NA NA NA 4.0 RBSSL 2700 (6) NA NA NA
Methyl acetate 79-20-9 78000 N 7800 N 7.50 150 NA NA NA 150 RBSSL 1000000 N NA NA NA
Methylcyclohexane 108-87-2 NA NA NA NA NA NA NA NA None NA NA NA NA
Methylene chloride 75-09-2 11 C 11 C 0.0012 0.024 120 0.023 0.023 0.023 IDEM-RDCL 53 C 200 1.8 1.8
Methyl-tert-butyl ether 1634-04-4 43 C 43 C 0.0028 0.056 350 0.18 0.18 0.056 RBSSL 220 C 650 3.2 3.2
o-Xylene 95-47-6 3800 N 380 N 1.2 24 NA NA NA 24 RBSSL 19000 N NA NA NA
Styrene 100-42-5 6300 N 630 N 1.8 36 11000 3.5 3.5 3.5 IDEM-RDCL 36000 N 16000 720 550
Tetrachloroethene 127-18-4 0.55 C 0.55 C 0.000049 0.00098 9.9 0.058 0.058 0.00098 RBSSL 2.6 C 16 0.64 0.64
Toluene 108-88-3 5000 N 500 N 1.6 32 8800 12 12 12 IDEM-RDCL 45000 N 16000 96 96
trans-1,2-Dichloroethene 156-60-5 150 N 15 N 0.031 0.62 180 0.68 0.68 0.62 RBSSL 690 N 230 14 14
trans-1,3-Dichloropropene 10061-02-6 1.7 C(5) 1.7 C(5) 0.00015 (5) 0.0030 (5) NA NA NA 0.0030 RBSSL 8.1 C(5) NA NA NA
Trichloroethene 79-01-6 2.8 C 2.8 C 0.00072 0.014 4.9 0.057 0.057 0.014 RBSSL 14 C 24 0.35 0.35
Trichlorofluoromethane 75-69-4 790 N 79 N 0.83 17 980 29 29 17 RBSSL 3400 N 1300 540 540
Vinyl chloride 75-01-4 0.060 C 0.060 C 0.0000056 0.00011 1.5 0.013 0.013 0.00011 RBSSL 1.7 C 6.4 0.027 0.027
Xylenes (total) 1330-20-7 630 N 63 N 0.20 4.0 690 210 170 4.0 RBSSL 2700 N 890 430 170
Semivolatile Organic Compounds
1,1'-Biphenyl 92-52-4 3900 N 390 N 19 380 NA NA NA 380 RBSSL 51000 N NA NA NA
1,2,4,5-Tetrachlorobenzene 95-94-3 18 N 1.8 N 0.051 1.0 NA NA NA 1.0 RBSSL 180 N NA NA NA
2,2'-Oxybis(1-chloropropane) 108-60-1 4.6 C 4.6 C 0.00012 0.0024 30 0.027 0.027 0.0024 RBSSL 22 C 61 0.26 0.26
2,3,4,6-Tetrachlorophenol 58-90-2 1800 N 180 N 6.7 130 NA NA NA 130 RBSSL 18000 N NA NA NA
2,4,5-Trichlorophenol 95-95-4 6100 N 610 N 14 280 18000 250 250 250 IDEM-RDCL 62000 N 49000 690 690
2,4,6-Trichlorophenol 88-06-2 61 N(4) 6.1 N(4) 0.023 (4) 0.46 (4) 18 0.07 0.07 0.07 IDEM-RDCL 620 N(4) 49 0.2 0.2
2,4-Dichlorophenol 120-83-2 180 N 18 N 0.13 2.6 550 1.1 1.1 1.1 IDEM-RDCL 1800 N 1500 3 3
2,4-Dimethylphenol 105-67-9 1200 N 120 N 0.86 17 3700 9 9 9 IDEM-RDCL 12000 N 9800 25 25
2,4-Dinitrophenol 51-28-5 120 N 12 N 0.082 1.6 370 0.29 0.29 0.29 IDEM-RDCL 1200 N 980 0.82 0.82
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2,4-Dinitrotoluene 121-14-2 1.6 C 1.6 C 0.00029 0.0058 NA NA NA 0.0058 RBSSL 5.5 C NA NA NA
2,6-Dinitrotoluene 606-20-2 61 N 6.1 N 0.050 1.0 NA NA NA 1.0 RBSSL 620 N NA NA NA
2-Chloronaphthalene 91-58-7 6300 N 630 N 15 300 15000 42 42 42 IDEM-RDCL 82000 N 39000 560 560
2-Chlorophenol 95-57-8 390 N 39 N 0.15 3.0 360 0.75 0.75 0.75 IDEM-RDCL 5100 N 580 10 10
2-Methylphenol (o-Cresol) 95-48-7 3100 N 310 N 1.5 30 7500 14 14 14 IDEM-RDCL 31000 N 17000 39 39
2-Nitroaniline 88-74-4 610 N 61 N 0.15 3.0 550 0.67 0.67 0.67 IDEM-RDCL 6000 N 1500 1.9 1.9
2-Nitrophenol 88-75-5 120 N(7) 12 N(7) 0.08 (7) 1.6 (7) NA NA NA 1.6 RBSSL 1200 N(7) NA NA NA
3,3'-Dichlorobenzidine 91-94-1 1.1 C 1.1 C 0.0010 0.020 9.5 0.062 0.062 0.020 RBSSL 3.8 C 31 0.21 0.21
3-Methylphenol (m-Cresol) 108-39-4 3100 N 310 N 1.5 30 9100 9.8 9.8 9.8 IDEM-RDCL 31000 N 25000 28 28
3-Nitroaniline 99-09-2 NA NA NA NA NA NA NA NA None NA NA NA NA
4,6-Dinitro-2-methylphenol 534-52-1 4.9 N 0.49 N 0.0050 0.10 NA NA NA 0.10 RBSSL 49 N NA NA NA
4-Bromophenyl phenyl ether 101-55-3 NA NA NA NA NA NA NA NA NA NA NA NA NA
4-Chloro-3-methyl phenol 59-50-7 6100 N 610 N 4.3 86 NA NA NA 86 RBSSL 62000 N NA NA NA
4-Chloroanaline 106-47-8 2.4 C 2.40 C 0.00014 0.0028 730 0.97 0.97 0.0028 RBSSL 8.6 C 2000 2.7 2.7
4-Chlorophenyl phenyl ether 7005-72-3 NA NA NA NA NA NA NA NA None NA NA NA NA
4-Methylphenol (p-Cresol) 106-44-5 310 N 31 N 0.15 3.0 910 1.1 1.1 1.1 IDEM-RDCL 3100 N 2500 3 3
4-Nitroaniline 100-01-6 24 C 24 C 0.0014 0.028 NA NA NA 0.028 RBSSL 86 C NA NA NA
4-Nitrophenol 100-02-7 NA NA NA NA NA NA NA NA None NA NA NA NA
Acetophenone 98-86-2 7800 N 780 N 1.1 22 NA NA NA 22 RBSSL 100000 N NA NA NA
Atrazine 1912-24-9 2.1 C 2.1 C 0.00019 0.0038 19 0.048 0.048 0.0038 RBSSL 7.5 C 63 0.21 0.21
Benzaldehyde 100-52-7 7800 N 780 N 0.81 16.2 NA NA NA 16.2 RBSSL 100000 N NA NA NA
Bis(2-chloroethoxy)methane 111-91-1 180 N 18 N 0.025 0.50 NA NA NA 0.50 RBSSL 1800 N NA NA NA
Bis(2-chloroethyl)ether 111-44-4 0.21 C 0.21 C 0.0000031 0.000062 1.6 0.0007 0.0007 0.000062 RBSSL 1.0 C 3 0.012 0.012
Bis(2-ethylhexyl)phthalate 117-81-7 35 C 35 C 1.1 22 300 3600 300 22 RBSSL 120 C 980 120000 980
Butyl benzyl phthalate 85-68-7 260 C 260 C 0.51 10 37000 6200 310 10 RBSSL 910 C 98000 6200 310
Caprolactam 105-60-2 31000 N 3100 N 4.5 90 NA NA NA 90 RBSSL 310000 N NA NA NA
Carbazole 86-74-8 NA NA NA NA 210 5.9 5.9 5.9 IDEM-RDCL NA 690 20 20
Dibenzofuran 132-64-9 78 N 7.8 N 0.68 13.6 370 4.9 4.9 4.9 IDEM-RDCL 1000 N 980 65 65
Diethyl phthalate 84-66-2 49000 N 4900 N 12 240 150000 450 450 240 RBSSL 490000 N 390000 1300 840
Dimethyl phthalate 131-11-3 49000 N(8) 4900 N(8) 12 (8) 240 (8) 1000000 2000 1100 240 RBSSL 490000 N(8) 1000000 5600 1100
Di-n-butyl phthalate 84-74-2 6100 N 610 N 9.2 184 18000 5000 760 184 RBSSL 62000 N 49000 14000 760
Di-n-octyl phthalate 117-84-0 NA NA NA NA 7300 67000 2000 2000 IDEM-RDCL NA 20000 67000 2000
Hexachlorobenzene 118-74-1 0.30 C 0.30 C 0.00053 0.011 2.7 2.2 2.2 0.011 RBSSL 1.1 C 8.6 3.9 3.9
Hexachlorobutadiene 87-68-3 61 N(4) 6.1 N(4) 0.0017 0.034 55 24 24 0.034 RBSSL 22 C 150 66 66
Hexachlorocyclopentadiene 77-47-4 370 N 37 N 0.68 14 1100 400 400 14 RBSSL 3700 N 2900 4900 720
Hexachloroethane 67-72-1 61 N(4) 6.1 N(4) 0.0029 0.058 120 2.8 2.8 0.058 RBSSL 620 N(4) 240 7.7 7.7
Isophorone 78-59-1 510 C 510 C 0.023 0.46 4500 5.3 5.3 0.46 RBSSL 1800 C 14000 18 18
Nitrobenzene 98-95-3 4.8 C 4.8 C 0.000079 0.0016 91 0.028 0.028 0.0016 RBSSL 24 C 250 0.34 0.34
N-Nitrosodi-n-propylamine 621-64-7 0.069 C 0.069    C 0.0000072 0.00014 0.61 0.0006 0.0006 0.00014 RBSSL 0.25 C 2 0.002 0.002
N-Nitrosodiphenylamine 86-30-6 99 C 99 C 0.075 1.5 870 9.7 9.7 1.5 RBSSL 350 C 2800 32 32
Pentachlorophenol 87-86-5 0.89 C 0.89 C 0.0017 0.034 20 0.028 0.028 0.028 IDEM-RDCL 9.0 C 54 0.66 0.66
Phenol 108-95-2 18000 N 1800 N 6.3 126 44000 56 56 56 IDEM-RDCL 180000 N 96000 160 160
Polycyclic Aromatic Hydrocarbons 
2-Methylnaphthalene 91-57-6 310 N 31 N 0.75 15 630 3.1 3.1 3.1 IDEM-RDCL 4100 N 1600 42 42
Acenaphthene 83-32-9 3400 N 340 N 22 440 9500 130 130 130 IDEM-RDCL 33000 N 24000 1800 1800
Acenaphthylene 208-96-8 3400 N(9) 340 N(9) 360 (9) 7200 (9) 1100 18 18 18 IDEM-RDCL 170000 N(9) 2800 180 180
Anthracene 120-12-7 17000 N 1700 N 360 7200 47000 2700 2000 1700 R-RSL 170000 N 120000 36000 2000
Benzo(a)anthracene 56-55-3 0.15 C 0.15 C 0.010 0.20 5 19 5 0.15 R-RSL 2.1 C 15 62 15
Benzo(a)pyrene 50-32-8 0.015 C 0.015 C 0.0035 0.070 0.5 8.2 0.5 0.015 R-RSL 0.21 C 1.5 16 1.5
Benzo(b)fluoranthene 205-99-2 0.15 C 0.15 C 0.035 0.70 5 57 5 0.15 R-RSL 2.1 C 15 190 15
Benzo(g,h,i)perylene 191-24-2 1700 N(10) 170 N(10) 120 (10) 2400 (10) NA NA NA 170 R-RSL 17000 N(10) NA NA NA
Benzo(k)fluoranthene 207-08-9 1.5 C 1.5 C 0.35 7.0 50 570 50 1.5 R-RSL 21 C 150 1900 150
Chrysene 218-01-9 15 C 15 C 1.1 22 500 1900 500 15 R-RSL 210 C 1500 6200 1500
Dibenzo(a,h)anthracene 53-70-3 0.015 C 0.015 C 0.011 0.22 0.5 18 0.5 0.015 R-RSL 0.21 C 1.5 60 1.5
Fluoranthene 206-44-0 2300 N 230 N 160 3200 6300 6300 2000 230 R-RSL 22000 N 16000 18000 2000
Fluorene 86-73-7 2300 N 230 N 27 540 6300 170 170 170 IDEM-RDCL 22000 N 16000 2300 2000
Indeno(1,2,3-c,d)pyrene 193-39-5 0.15 C 0.15 C 0.12 2.4 5 160 5 0.15 R-RSL 2.1 C 15 540 15
Naphthalene 91-20-3 3.6 C 3.60 C 0.00047 0.0094 3200 0.7 0.7 0.0094 RBSSL 18 C 8000 170 170
Phenanthrene 85-01-8 1700 N(10) 170 N(10) 120 (10) 2400 (10) 470 13 13 13 IDEM-RDCL 17000 N(10) 1200 170 170
Pyrene 129-00-0 1700 N 170 N 120 2400 4700 4600 2000 170 R-RSL 17000 N 12000 13000 2000
Polychlorinated Biphenyls
Aroclor-1016 12674-11-2 3.9 N 0.39 N 0.092 1.8 NA NA NA 0.39 R-RSL 37 N(4) NA NA NA
Aroclor-1221 11104-28-2 0.14 C 0.14 C 0.00012 0.0024 NA NA NA 0.0024 RBSSL 0.54 C NA NA NA
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Aroclor-1232 11141-16-5 0.14 C 0.14 C 0.00012 0.0024 NA NA NA 0.0024 RBSSL 0.54 C NA NA NA
Aroclor-1242 53469-21-9 0.22 C 0.22 C 0.0053 0.11 NA NA NA 0.11 RBSSL 0.74 C NA NA NA
Aroclor-1248 12672-29-6 0.22 C 0.22 C 0.0052 0.10 NA NA NA 0.10 RBSSL 0.74 C NA NA NA
Aroclor-1254 11097-69-1 1.1 N(4) 0.11 N(4) 0.0088 0.18 NA NA NA 0.11 R-RSL 0.74 C NA NA NA
Aroclor-1260 11096-82-5 0.22 C 0.22 C 0.024 0.48 NA NA NA 0.22 R-RSL 0.74 C NA NA NA
Total PCBs 1336-36-3 NA NA NA NA NA NA NA NA None NA NA NA NA
Metals
Aluminum 7429-90-5 77000 N 7700 N 55000 1100000 NA NA NA 7700 R-RSL 990000 NM NA NA NA
Antimony 7440-36-0 31 N 3.1 N 0.66 13 140 5.4 5.4 3.1 R-RSL 410 N 620 37 37
Arsenic 7440-38-2 0.39 C 0.39 C 0.0013 0.026 3.9 5.8 3.9 0.026 RBSSL 1.6 C 20 5.8 5.8
Barium 7440-39-3 15000 N 1500 N 300 6000 63000 1600 1600 1500 R-RSL 190000 NM 230000 17000 10000
Beryllium 7440-41-7 160 N 16 N 58 1160 680 63 63 16 R-RSL 2000 N 2900 3200 2300
Cadmium 7440-43-9 70 N 7 N 1.4 28 12 7.5 7.5 7 R-RSL 800 N 990 77 77
Calcium 7440-70-2 NA NA NA NA NA NA NA NA None NA NA NA NA
Chromium 7440-47-3 0.29 C(11) 0.29 C(11) 0.00083 (11) 0.017 (11) 430(11) 38(11) 38(11) 0.017 RBSSL 5.6 C(11) 650 120 120
Cobalt 7440-48-4 23 N 2.3 N 0.49 9.8 NA NA NA 2.3 R-RSL 300 N NA NA NA
Copper 7440-50-8 3100 N 310 N 51 1020 14000 920 920 310 R-RSL 41000 N 62000 2900 2900
Iron 7439-89-6 55000 N 5500 N 640 12800 NA NA NA 5500 R-RSL 720000 N NA NA NA
Lead 7439-92-1 400 (12) 400 (12) 14 (15) 280 (15) 400 81 81 81 IDEM-RDCL 800 (21) 1300 230 230
Magnesium 7439-95-4 NA NA NA NA NA NA NA NA None NA NA NA NA
Manganese 7439-96-5 1800 N 180 N 57 1140 NA NA NA 180 R-RSL 23000 N NA NA NA
Mercury 7439-97-6 23 N(13) 2.3 N(13) 0.57 (13) 11.4 (13) NA NA NA 2.3 R-RSL 310 N(13) NA NA NA
Nickel 7440-02-0 1500 N 150 N 48 960 6900 950 950 150 R-RSL 20000 N 31000 2700 2700
Potassium 7440-09-7 NA NA NA NA NA NA NA NA None NA NA NA NA
Selenium 7782-49-2 390 N 39 N 0.95 19 1700 5.2 5.2 5.2 IDEM-RDCL 5100 N 7800 53 53
Silver 7440-22-4 390 N 39 N 1.6 32 1700 31 31 31 IDEM-RDCL 5100 N 7800 87 87
Sodium 7440-23-5 NA NA NA NA NA NA NA NA None NA NA NA NA
Thallium 7440-28-0 NA NA NA NA 24 2.8 2.8 2.8 IDEM-RDCL NA 110 10 10
Vanadium 7440-62-2 390 N(14) 39 N(14) 180 (14) 3600 (14) NA NA NA 39 R-RSL 5200 N(14) NA NA NA
Zinc 7440-66-6 23000 N 2300 N 680 13600 100000 14000 10000 2300 R-RSL 310000 N 470000 38000 10000
Pesticides
4,4'-DDD 72-54-8 2.0 C 2.0 C 0.066 1.3 28 140 28 1.3 RBSSL 7.2 C 120 480 120
4,4'-DDE 72-55-9 1.4 C 1.4 C 0.047 0.94 20 450 20 0.94 RBSSL 5.1 C 86 1500 86
4,4'-DDT 50-29-3 1.7 C 1.7 C 0.067 1.3 20 260 20 1.3 RBSSL 7.0 C 86 890 86
Aldrin 309-00-2 0.029 C 0.029 C 0.00065 0.013 0.25 4.9 0.25 0.013 RBSSL 0.10 C 0.8 16 0.8
alpha-BHC 319-84-6 0.077 C 0.077 C 0.000062 0.0012 0.99 0.0072 0.0072 0.0012 RBSSL 0.27 C 4 0.024 0.024
alpha-Chlordane 5103-71-9 1.6 C(16) 1.6 C(16) 0.013 (16) 0.26 (16) 17 9.6 9.6 0.26 RBSSL 6.5 C(16) 68 39 39
beta-BHC 319-85-7 0.27 C 0.27 C 0.00022 0.0044 3.3 0.026 0.026 0.0044 RBSSL 0.96 C 12 0.086 0.086
delta-BHC 319-86-8 0.077 C(17) 0.077 C(17) 0.000062 (17) 0.0012 (17) 0.99 0.0072 0.0072 0.0012 RBSSL 0.27 C(17) 4 0.024 0.024
Dieldrin 60-57-1 0.030 C 0.030 C 0.00017 0.0034 0.27 0.046 0.046 0.0034 RBSSL 0.11 C 0.86 0.15 0.15
Endosulfan I 959-98-8 370 N(18) 37 N(18) 3.0 (18) 60 (18) 1100 20 20 20 IDEM-RDCL 3700 N(18) 2900 46 46
Endosulfan II 33213-65-9 370 N(18) 37 N(18) 3.0 (18) 60 (18) 1100 20 20 20 IDEM-RDCL 3700 N(18) 2900 46 46
Endosulfan sulfate 1031-07-8 370 N(18) 37 N(18) 3.0 (18) 60 (18) 1100 20 20 20 IDEM-RDCL 3700 N(18) 2900 46 46
Endrin 72-20-8 18 N 1.8 N 0.44 8.8 55 0.99 0.99 0.99 IDEM-RDCL 180 N 150 15 15
Endrin aldehyde 7421-93-4 18 N(19) 1.8 N 0.44 (19) 8.8 (19) 55 0.99 0.99 0.99 IDEM-RDCL 180 N(19) 150 15 15
Endrin ketone 53494-70-5 18 N(19) 1.8 N 0.44 (19) 8.8 (19) 55 0.99 0.99 0.99 IDEM-RDCL 180 N(19) 150 15 15
gamma-BHC (Lindane) 58-89-9 0.52 C 0.52 C 0.00036 0.0072 4.8 0.0094 0.0094 0.0072 RBSSL 2.1 C 19 0.1 0.1
gamma-chlordane 5103-74-2 1.6 C(16) 1.6 C(16) 0.013 (16) 0.26 (16) 17 9.6 9.6 0.26 RBSSL 6.5 C(16) 68 39 39
Heptachlor 76-44-8 0.11 C 0.11 C 0.0012 0.024 0.93 23 0.93 0.024 RBSSL 0.38 C 2.9 36 2.9
Heptachlor epoxide 1024-57-3 0.053 C 0.053 C 0.00015 0.0030 0.47 0.67 0.47 0.0030 RBSSL 0.19 C 1.5 1 1
Methoxychlor 72-43-5 310 N 31 N 9.9 198 910 160 160 31 R-RSL 3100 N 2500 180 180
Toxaphene 8001-35-2 0.44 C 0.44 C 0.0094 0.19 3.9 31 3.9 0.19 RBSSL 1.6 C 12 31 12
Dioxins/Furans
1,2,3,4,6,7,8,9-OCDD 3268-87-9 0.015 C(20) 0.015 C(20) 0.00087 (20) 0.017 (20) NA NA NA 0.015 R-RSL 0.06 C(20) NA NA NA
1,2,3,4,6,7,8,9-OCDF 39001-02-0 0.015 C(20) 0.015 C(20) 0.00087 (20) 0.017 (20) NA NA NA 0.015 R-RSL 0.06 C(20) NA NA NA
1,2,3,4,6,7,8-HPCDD 35822-46-9 0.00045 C(20) 0.00045 C(20) 0.000026 (20) 0.00052 (20) NA NA NA 0.00045 R-RSL 0.0018 C(20) NA NA NA
1,2,3,4,6,7,8-HPCDF 67562-39-4 0.00045 C(20) 0.00045 C(20) 0.000026 (20) 0.00052 (20) NA NA NA 0.00045 R-RSL 0.0018 C(20) NA NA NA
1,2,3,4,7,8,9-HPCDF 55673-89-7 0.00045 C(20) 0.00045 C(20) 0.000026 (20) 0.00052 (20) NA NA NA 0.00045 R-RSL 0.0018 C(20) NA NA NA
1,2,3,4,7,8-HXCDD 39227-28-6 0.000045 C(20) 4.5E-05 C(20) 0.0000026 (20) 0.000052 (20) NA NA NA 0.000045 R-RSL 0.00018 C(20) NA NA NA
1,2,3,4,7,8-HXCDF 70648-26-9 0.000045 C(20) 4.5E-05 C(20) 0.0000026 (20) 0.000052 (20) NA NA NA 0.000045 R-RSL 0.00018 C(20) NA NA NA
1,2,3,6,7,8-HXCDD 57653-85-7 0.000045 C(20) 4.5E-05 C(20) 0.0000026 (20) 0.000052 (20) NA NA NA 0.000045 R-RSL 0.00018 C(20) NA NA NA
1,2,3,6,7,8-HXCDF 57117-44-9 0.000045 C(20) 4.5E-05 C(20) 0.0000026 (20) 0.000052 (20) NA NA NA 0.000045 R-RSL 0.00018 C(20) NA NA NA



NSA Crane SWMU 11 Human Health Screening Criteria - Surface and Subsurface Soil Samples
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2009 IDEM RISC Residential Closure Levels 
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1,2,3,7,8,9-HXCDD 19408-74-3 0.000045 C(20) 4.5E-05 C(20) 0.0000026 (20) 0.000052 (20) NA NA NA 0.000045 R-RSL 0.00018 C(20) NA NA NA
1,2,3,7,8,9-HXCDF 72918-21-9 0.000045 C(20) 4.5E-05 C(20) 0.0000026 (20) 0.000052 (20) NA NA NA 0.000045 R-RSL 0.00018 C(20) NA NA NA
1,2,3,7,8-PECDD 40321-76-4 0.0000045 C(20) 4.5E-06 C(20) 0.00000026 (20) 0.0000052 (20) NA NA NA 0.0000045 R-RSL 0.000018 C(20) NA NA NA
1,2,3,7,8-PECDF 57117-41-6 0.00015 C(20) 0.00015 C(20) 0.0000087 (20) 0.00017 (20) NA NA NA 0.00015 R-RSL 0.00060 C(20) NA NA NA
2,3,4,6,7,8-HXCDF 60851-34-5 0.000045 C(20) 4.5E-05 C(20) 0.0000026 (20) 0.000052 (20) NA NA NA 0.000045 R-RSL 0.00018 C(20) NA NA NA
2,3,4,7,8-PECDF 57117-31-4 0.000015 C(20) 1.5E-05 C(20) 0.00000087 (20) 0.000017 (20) NA NA NA 0.000015 R-RSL 0.000060 C(20) NA NA NA
2,3,7,8-TCDD 1746-01-6 0.0000045 C 4.5E-06 C 0.00000026 0.0000052 NA NA NA 0.0000045 R-RSL 0.000018 C NA NA NA
2,3,7,8-TCDF 51207-31-9 0.000045 C(20) 4.5E-05 C(20) 0.0000026 (20) 0.000052 (20) NA NA NA 0.000045 R-RSL 0.00018 C(20) NA NA NA
Total HpCDD 37871-00-4 NA NA NA NA NA NA NA NA None NA NA NA NA
Total HpCDF 38998-75-3 NA NA NA NA NA NA NA NA None NA NA NA NA
Total HxCDD 34465-46-8 NA NA NA NA NA NA NA NA None NA NA NA NA
Total HxCDF 55684-94-1 NA NA NA NA NA NA NA NA None NA NA NA NA
Total PeCDD 36088-22-9 NA NA NA NA NA NA NA NA None NA NA NA NA
Total PeCDF 30402-15-4 NA NA NA NA NA NA NA NA None NA NA NA NA
Total TCDD 41903-57-5 NA NA NA NA NA NA NA NA None NA NA NA NA
Total TCDF 55722-27-5 NA NA NA NA NA NA NA NA None NA NA NA NA

#N/A #N/A
Notes:

4 - One tenth the noncarcinogenic value is less than the carinogenic value; therefore, the noncarcinogenic value is presented.
5 - Value is for 1,3-dichloropropene.
6 - Value is for xylene, mixture.
7 - Value is for 2,4-dinitrophenol.
8 - Value is for diethyl phthalate.
9 - Value is for acenapththene.
10 - Value is for pyrene.
11 - Value is for hexavalent chromium.
12 - Office of Solid Waste and Emergency Response soil screening level (EPA, 1994b)
13 -  Value is for mercuy, inorganic salts.
14 - Value is for vanadium and compounds.
15 - Calculated from the EPA website (http://epa-prgs.ornl.gov/cgi-bin/chemicals/csl_search).
16 - Value is for chlordane.
17 - Value is for alpha-BHC.
18 - Value is for endosulfan.
19 - Value is for endrin.
20 - Value is derived by multiplying criteria for 2,3,7,8-TCDD by World Health Organization Toxicity Equivalent Factor.
21 - USEPA Technical Review Workgroup for Lead. Guidance Document. “Frequently Asked Question (FAQs) on the Adult‑Lead Model.” October 2010.  http://www.epa.gov/superfund/lead/almfaq.htm

Abbreviations:
NA - Not applicable or not available
C - Carcinogen
EPA - U.S. Environmental Protection Agency
N - Noncarcinogen
NA - Not available
SSL - Soil Screening Level

1 - The residential direct contact (R-RSL) and risk-based migration to groundwater soil screening levels (RBSSL) from the USEPA Regions 3, 6, and 9 Regional Screening Levels for Chemical Contaminants at 
Superfund Sites, November, 2010 available online at http://epa-prgs.ornl.gov/chemicals/index.shtml.   The risk-based screening levels are based on a target hazard quotient of 1 for noncarcinogens (denoted with a 
"N" flag)  or an incremental lifetime cancer risk (ILCR) of 1E-6 for carcinogens (denoted with a "C" flag). (Industrial criteria are also presented for information purposes.)
2 - The USEPA R-RSL (November, 2010) residential soil screening level for noncarcinogens adjusted by dividing by 10, equivalent to a target hazard quotient of 0.1.  The residential soil screening level for 
carcinogens (not adjusted) is equivalent to an incremental lifetime cancer risk (ILCR) of 1E-6.   The USEPA RBSSL (November, 2010) is adjusted for a dilution attenuation factor (DAF) of 20.
3 - Indiana Department of Environmental Management (IDEM) residential soil direct contact screening levels, migration to groundwater screening levels, and Residential Default Closure Levels from IDEM RISC 
Technical Guide, January 31, 2006, Appendix 1, revised  May 1, 2009. (Industrial criteria are also presented for information purposes.)



Crane SWMU 11 Human Health Screening Criteria - Groundwater Samples

Volatile Organic Compounds
1,1,1-Trichloroethane 71-55-6 9100 N 910 N 7400 N 740 N 200 3800 200 200 IDEM G-DCL
1,1,2,2-Tetrachloroethane 79-34-5 0.067 C 0.067 C 2.8 C 2.8 C NA 0.9 0.9 0.067 T-RSL
1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) 76-13-1 59000 N 5900 N 1400 N 140 N NA NA NA 140 VAPOR
1,1,2-Trichloroethane 79-00-5 0.24 C 0.24 C 4.4 C 4.4 C 5 3.2 5 0.24 T-RSL
1,1-Dichloroethane 75-34-3 2.4 C 2.4 C 6.5 C 6.5 C NA 990 990 2.4 T-RSL
1,1-Dichloroethene 75-35-4 340 N 34 N 190 N 19 N 7 430 7 7 IDEM G-DCL
1,2,3- Trichlorobenzene 87-61-6 29 N 2.9 N NA NA NA NA NA 2.9 T-RSL
1,2,4-Trichlorobenzene 120-82-1 4.1 N(5) 0.41 N(5) 36 N 3.6 N 70 9.5 70 0.41 T-RSL
1,2-Dibromo-3-chloropropane  (DBCP) 96-12-8 0.00032 C 0.00032 C 0.027 C 0.027 C 0.2 NA NA 0.00032 T-RSL
1,2-Dibromoethane  (EDB) 106-93-4 0.0065 C 0.0065 C 0.15 C 0.15 C 0.05 0.086 0.05 0.0065 T-RSL
1,2-Dichlorobenzene 95-50-1 370 N 37 N 2700 N 270 N 600 480 600 37 T-RSL
1,2-Dichloroethane 107-06-2 0.15 C 0.15 C 2.0 C 2.0 C 5 2 5 0.15 T-RSL
1,2-Dichloropropane 78-87-5 0.39 C 0.39 C 2.0 C 2.0 C 5 2.6 5 0.39 T-RSL
1,3-Dichlorobenzene 541-73-1 NA NA NA NA NA 80 80 80 IDEM G-DCL
1,4-Dichlorobenzene 106-46-7 0.43 C 0.43 C 2.2 C 2.2 C 75 8 75 0.43 T-RSL
1,4-Dioxane 123-91-1 0.67 C 0.67 C NA NA NA NA NA 0.67 T-RSL
2-Butanone (MEK) 78-93-3 7100 N 710 N 2300000 N 230000 N NA 8400 8400 710 T-RSL
2-Hexanone 591-78-6 47 N 4.7 N 8200 N 820 N NA NA NA 4.7 T-RSL
4-Methyl-2-pentanone (MIBK) 108-10-1 2000 N 200 N 550000 N 55000 N NA 2200 2200 200 T-RSL
Acetone 67-64-1 22000 N 2200 N 23000000 N 2300000 N NA 6900 6900 2200 T-RSL
Benzene 71-43-2 0.41 C 0.41 C 1.3 C 1.3 C 5 5.5 5 0.41 T-RSL
Bromochloromethane 74-97-5 NA NA NA NA NA NA NA NA None
Bromodichloromethane 75-27-4 0.12 C 0.12 C 0.76 C 0.76 C 80 2.9 80 0.12 T-RSL
Bromoform 75-25-2 8.5 C 8.5 C 100 C 100 C 80 110 80 8.5 T-RSL
Bromomethane 74-83-9 8.7 N 0.87 N 17 N 1.7 N NA 11 11 0.87 T-RSL
Carbon disulfide 75-15-0 1000 N 100 N 1200 N 120 N NA 1300 1300 100 T-RSL
Carbon tetrachloride 56-23-5 0.44 C 0.44 C 0.37 C 0.37 C 5 2.6 5 0.37 VAPOR
Chlorobenzene 108-90-7 91 N 9.1 N 400 N 40 N 100 130 100 9.1 T-RSL
Chloroethane 75-00-3 21000 N 2100 N 22000 N 2200 N NA 62 62 62 IDEM G-DCL
Chloroform 67-66-3 0.19 C 0.19 C 0.73 C 0.73 C 80 2.8 80 0.19 T-RSL
Chloromethane 74-87-3 190 N 19 N 260 N 26 N NA NA NA 19 T-RSL
cis-1,2-Dichloroethene 156-59-2 73 N 7.3 N NA NA 70 77 70 7.3 T-RSL
cis-1,3-Dichloropropene 10061-01-5 40 N(6) 4 N(6) 4.1 C(6) 4.1 C(6) NA NA NA 4 T-RSL
Cyclohexane 110-82-7 13000 N 1300 N 1000 N 100 N NA 13000 13000 100 VAPOR
Dibromochloromethane 124-48-1 0.15 C 0.15 C 2.8 C 2.8 C 80 NA NA 0.15 T-RSL
Dichlorodifluoromethane 75-71-8 390 N 39 N 15 N 1.5 N NA NA NA 1.5 VAPOR
Ethylbenzene 100-41-4 1.5 C 1.5 C 3.0 C 3 C 700 1600 700 1.5 T-RSL
Isopropylbenzene 98-82-8 680 N 68 N 890 N 89 N NA 830 830 68 T-RSL
m,p-Xylenes 179601-23-1 200 N(7) 20 N(7) 480 N(7) 48 N(7) 10000 NA NA 20 T-RSL
Methyl acetate 79-20-9 37000 N 3700 N NA NA NA NA NA 3700 T-RSL
Methylcyclohexane 108-87-2 NA NA NA NA NA NA NA NA None
Methylene chloride 75-09-2 4.8 C 4.8 C 40 C 40 C 5 63 5 4.8 T-RSL
Methyl-tert-butyl ether 1634-04-4 12 C 12 C 390 C 390 C NA 40 40 12 T-RSL
o-Xylene 95-47-6 1200 N 120 N 3500 N 350 N NA NA NA 120 T-RSL
Styrene 100-42-5 1600 N 160 N 9100 N 910 N 100 2000 100 100 IDEM G-DCL
Tetrachloroethene 127-18-4 0.11 C 0.11 C 0.57 C 0.57 C 5 6.5 5 0.11 T-RSL
Toluene 108-88-3 2300 N 230 N 19000 N 1900 N 1000 2400 1000 230 T-RSL
trans-1,2-Dichloroethene 156-60-5 110 N 11 N 370 N 37 N 100 150 100 11 T-RSL
trans-1,3-Dichloropropene 10061-02-6 40 N(6) 4.0 N(6) 4.1 C(6) 4.1 C(6) NA NA NA 4.0 T-RSL
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Crane SWMU 11 Human Health Screening Criteria - Groundwater Samples
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Trichloroethene 79-01-6 2.0 C 2.0 C 3.0 C 3.0 C 5 2.8 5 2.0 T-RSL
Trichlorofluoromethane 75-69-4 1300 N 130 N 180 N 18 N NA 1700 1700 18 VAPOR
Vinyl chloride 75-01-4 0.016 C 0.016 C 0.15 C 0.15 C 2 0.53 2 0.016 T-RSL
Xylenes (total) 1330-20-7 200 N 20 N 480 N 48 N 10000 270 10000 20 T-RSL
Semivolatile Organic Compounds
1,1'-Biphenyl 92-52-4 1800 N 180 N NA NA NA NA NA 180 T-RSL
1,2,4,5-Tetrachlorobenzene 95-94-3 11 N 1.1 N NA NA NA NA NA 1.1 T-RSL
2,2'-Oxybis(1-chloropropane) 108-60-1 0.32 C 0.32 C 80 C 80 C NA 4.2 4.2 0.32 T-RSL
2,3,4,6-Tetrachlorophenol 58-90-2 1100 N 110 N NA NA NA NA NA 110 T-RSL
2,4,5-Trichlorophenol 95-95-4 3700 N 370 N NA NA NA 3600 3600 370 T-RSL
2,4,6-Trichlorophenol 88-06-2 37 N(5) 3.7 N(5) NA NA NA 3.6 3.6 3.6 IDEM G-DCL
2,4-Dichlorophenol 120-83-2 110 N 11 N NA NA NA 110 110 11 T-RSL
2,4-Dimethylphenol 105-67-9 730 N 73 N NA NA NA 730 730 73 T-RSL
2,4-Dinitrophenol 51-28-5 73 N 7.3 N NA NA NA 73 73 7.3 T-RSL
2,4-Dinitrotoluene 121-14-2 0.22 C 0.22 C NA NA NA NA NA 0.22 T-RSL
2,6-Dinitrotoluene 606-20-2 37 N 3.7 N NA NA NA NA NA 3.7 T-RSL
2-Chloronaphthalene 91-58-7 2900 N 290 N NA NA NA 610 610 290 T-RSL
2-Chlorophenol 95-57-8 180 N 18 N NA NA NA 38 38 18 T-RSL
2-Methylphenol (o-Cresol) 95-48-7 1800 N 180 N NA NA NA 1800 1800 180 T-RSL
2-Nitroaniline 88-74-4 370 N 37 N NA NA NA 110 110 37 T-RSL
2-Nitrophenol 88-75-5 73 N(8) 7.3 N(8) NA NA NA NA NA 7.3 T-RSL
3,3'-Dichlorobenzidine 91-94-1 0.15 C 0.15 C NA NA NA 1.9 1.9 0.15 T-RSL
3-Nitroaniline 99-09-2 NA NA NA NA NA NA NA NA None
4,6-Dinitro-2-methylphenol 534-52-1 2.9 N 0.29 N NA NA NA NA NA 0.29 T-RSL
4-Bromophenyl phenyl ether 101-55-3 NA NA NA NA NA NA NA NA None
4-Chloro-3-methyl phenol 59-50-7 3700 N 370 N NA NA NA NA NA 370 T-RSL
4-Chloroanaline 106-47-8 0.34 C 0.34 C NA NA NA 150 150 0.34 T-RSL
4-Chlorophenyl phenyl ether 7005-72-3 NA NA NA NA NA NA NA NA None
4-Methylphenol (p-Cresol) 106-44-5 180 N 18 N NA NA NA 180 180 18 T-RSL
4-Nitroaniline 100-01-6 3.4 C 3.4 C NA NA NA NA NA 3.4 T-RSL
4-Nitrophenol 100-02-7 NA NA NA NA NA NA NA NA None
Acetophenone 98-86-2 3700 N 370 N NA NA NA NA NA 370 T-RSL
Atrazine 1912-24-9 0.29 C 0.29 C NA NA 3 3.9 3 0.29 T-RSL
Benzaldehyde 100-52-7 3700 N 370 N NA NA NA NA NA 370 T-RSL
Bis(2-chloroethoxy)methane 111-91-1 110 N 11 N NA NA NA NA NA 11 T-RSL
Bis(2-chloroethyl)ether 111-44-4 0.012 C 0.012 C 11 C 11 C NA 0.15 0.15 0.012 T-RSL
Bis(2-ethylhexyl)phthalate 117-81-7 4.8 C 4.8 C NA NA 6 61 6 4.8 T-RSL
Butyl benzyl phthalate 85-68-7 35 C 35 C NA NA NA 7300 2700 35 T-RSL
Caprolactam 105-60-2 18000 N 1800 N NA NA NA NA NA 1800 T-RSL
Carbazole 86-74-8 NA NA NA NA NA 43 43 43 IDEM G-DCL
Dibenzofuran 132-64-9 37 N 3.7 N NA NA NA 15 15 3.7 T-RSL
Diethyl phthalate 84-66-2 29000 N 2900 N NA NA NA 29000 29000 2900 T-RSL
Dimethyl phthalate 131-11-3 29000 N(9) 2900 N(9) NA NA NA 360000 360000 2900 T-RSL
Di-n-butyl phthalate 84-74-2 3700 N 370 N NA NA NA 3600 3600 370 T-RSL
Di-n-octyl phthalate 117-84-0 NA NA NA NA NA 1500 20 20 IDEM G-DCL
Hexachlorobenzene 118-74-1 0.042 C 0.042 C 0.076 C 0.076 C 1 0.53 1 0.042 T-RSL
Hexachlorobutadiene 87-68-3 0.86 C 0.86 C NA NA NA 11 11 0.86 T-RSL
Hexachlorocyclopentadiene 77-47-4 220 N 22 N 0.19 N 0.019 N 50 220 50 0.019 VAPOR
Hexachloroethane 67-72-1 37 N(5) 3.7 N(5) 3.8 C 3.8 C NA 36 36 3.7 T-RSL
Isophorone 78-59-1 71 C 71 C NA NA NA 900 900 71 T-RSL
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Nitrobenzene 98-95-3 0.12 C 0.12 C 62 C 62 C NA 4.3 4.3 0.12 T-RSL
N-Nitrosodi-n-propylamine 621-64-7 0.0096 C 0.0096 C NA NA NA 0.12 0.12 0.0096 T-RSL
N-Nitrosodiphenylamine 86-30-6 14 C 14 C NA NA NA 170 170 14 T-RSL
Pentachlorophenol 87-86-5 0.17 C 0.17 C NA NA 1 7.1 1 0.17 T-RSL
Phenol 108-95-2 11000 N 1100 N NA NA NA 11000 11000 1100 T-RSL
Polycyclic Aromatic Hydrocarbons 
2-Methylnaphthalene 91-57-6 150 N 15 N NA NA NA 31 31 15 T-RSL
Acenaphthene 83-32-9 2200 N 220 N NA NA NA 460 460 220 T-RSL
Acenaphthylene 208-96-8 2200 N(10) 220 N(10) NA NA NA 71 71 71 IDEM G-DCL
Anthracene 120-12-7 11000 N 1100 N NA NA NA 2300 2300 1100 T-RSL
Benzo(a)anthracene 56-55-3 0.029 C 0.029 C NA NA NA 1.2 1.2 0.029 T-RSL
Benzo(a)pyrene 50-32-8 0.0029 C 0.0029 C NA NA 0.2 0.12 0.2 0.0029 T-RSL
Benzo(b)fluoranthene 205-99-2 0.029 C 0.029 C 320 C 320 C NA 1.2 1.2 0.029 T-RSL
Benzo(g,h,i)perylene 191-24-2 1100 N(11) 110 N(11) NA NA NA NA NA 110 T-RSL
Benzo(k)fluoranthene 207-08-9 0.29 C 0.29 C NA NA NA 12 12 0.29 T-RSL
Chrysene 218-01-9 2.9 C 2.9 C 410 C 410 C NA 120 120 2.9 T-RSL
Dibenzo(a,h)anthracene 53-70-3 0.0029 C 0.0029 C NA NA NA 0.12 0.12 0.0029 T-RSL
Fluoranthene 206-44-0 1500 N 150 N NA NA NA 1500 1500 150 T-RSL
Fluorene 86-73-7 1500 N 150 N NA NA NA 310 310 150 T-RSL
Indeno(1,2,3-c,d)pyrene 193-39-5 0.029 C 0.029 C NA NA NA 1.2 1.2 0.029 T-RSL
Naphthalene 91-20-3 0.14 C 0.14 C 4.0 C 4.0 C NA 8.3 8.3 0.14 T-RSL
Phenanthrene 85-01-8 1100 N(11) 110 N(11) NA NA NA 23 23 23 IDEM G-DCL
Pyrene 129-00-0 1100 N 110 N NA NA NA 1100 1100 110 T-RSL
Polychlorinated Biphenyls
Aroclor-1016 12674-11-2 0.96 C 0.96 C NA NA 0.5 0.5 0.43 0.43 IDEM GW
Aroclor-1221 11104-28-2 0.0068 C 0.0068 C NA NA 0.5 0.5 0.43 0.0068 T-RSL
Aroclor-1232 11141-16-5 0.0068 C 0.0068 C NA NA 0.5 0.5 0.43 0.0068 T-RSL
Aroclor-1242 53469-21-9 0.034 C 0.034 C NA NA 0.5 0.5 0.43 0.034 T-RSL
Aroclor-1248 12672-29-6 0.034 C 0.034 C NA NA 0.5 0.5 0.43 0.034 T-RSL
Aroclor-1254 11097-69-1 0.034 C 0.034 C NA NA 0.5 0.5 0.43 0.034 T-RSL
Aroclor-1260 11096-82-5 0.034 C 0.034 C NA NA 0.5 0.5 0.43 0.034 T-RSL
Total PCBs 1336-36-3 NA NA NA NA 0.5 0.5 0.43 0.43 IDEM GW
Metals
Aluminum 7429-90-5 37000 N 3700 N NA NA NA NA NA 3700 T-RSL
Antimony 7440-36-0 15 N 1.5 N NA NA 6 15 6 1.5 T-RSL
Arsenic 7440-38-2 0.045 C 0.045 C NA NA 10 0.57 10 0.045 T-RSL
Barium 7440-39-3 7300 N 730 N NA NA 2000 7300 2000 730 T-RSL
Beryllium 7440-41-7 73 N 7.3 N NA NA 4 73 4 4 IDEM G-DCL
Cadmium 7440-43-9 18 N 1.8 N NA NA 5 18 5 1.8 T-RSL
Calcium 7440-70-2 NA NA NA NA NA NA NA NA None
Chromium 7440-47-3 0.043 C(12) 0.043 C(12) NA NA 100 NA NA 0.043 T-RSL
Cobalt 7440-48-4 11 N 1.1 N NA NA NA NA NA 1.1 T-RSL
Copper 7440-50-8 1500 N 150 N NA NA 1300 1500 1300 150 T-RSL
Iron 7439-89-6 26000 N 2600 N NA NA NA NA NA 2600 T-RSL
Lead 7439-92-1 15 (13) 15 (13) NA NA 15 15 15 15 T-RSL
Magnesium 7439-95-4 NA NA NA NA NA NA NA NA None
Manganese 7439-96-5 880 N 88 N NA NA NA NA NA 88 T-RSL
Mercury 7439-97-6 11 N(14) 1.1 N(14) NA NA 2 NA NA 1.1 T-RSL
Nickel 7440-02-0 730 N 73 N NA NA NA 730 730 73 T-RSL
Potassium 7440-09-7 NA NA NA NA NA NA NA NA None
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Selenium 7782-49-2 180 N 18 N NA NA 50 180 50 18 T-RSL
Silver 7440-22-4 180 N 18 N NA NA NA 180 180 18 T-RSL
Sodium 7440-23-5 NA NA NA NA NA NA NA NA None
Thallium 7440-28-0 NA NA NA NA 2 2.6 2 2 IDEM G-DCL
Vanadium 7440-62-2 180 N(15) 18 N(15) NA NA NA NA NA 18 T-RSL
Zinc 7440-66-6 11000 N 1100 N NA NA NA 11000 11000 1100 T-RSL
Pesticides
4,4'-DDD 72-54-8 0.28 C 0.28 C NA NA NA 3.5 3.5 0.28 T-RSL
4,4'-DDE 72-55-9 0.20 C 0.20 C NA NA NA 2.5 2.5 0.20 T-RSL
4,4'-DDT 50-29-3 0.20 C 0.20 C NA NA NA 2.5 2.5 0.20 T-RSL
Aldrin 309-00-2 0.0040 C 0.0040 C NA NA NA 0.05 0.05 0.0040 T-RSL
alpha-BHC 319-84-6 0.011 C 0.011 C NA NA NA 0.14 0.14 0.011 T-RSL
alpha-Chlordane 5103-71-9 0.19 C(16) 0.19 C(16) NA NA NA 2.4 2 0.19 T-RSL
beta-BHC 319-85-7 0.037 C 0.037 C NA NA NA 0.47 0.47 0.037 T-RSL
delta-BHC 319-86-8 0.011 C(17) 0.011 C(17) NA NA NA 0.14 0.14 0.011 T-RSL
Dieldrin 60-57-1 0.0042 C 0.0042 C NA NA NA 0.053 0.053 0.0042 T-RSL
Endosulfan I 959-98-8 220 N(18) 22 N(18) NA NA NA 220 220 22 T-RSL
Endosulfan II 33213-65-9 220 N(18) 22 N(18) NA NA NA 220 220 22 T-RSL
Endosulfan sulfate 1031-07-8 220 N(18) 22 N(18) NA NA NA 220 220 22 T-RSL
Endrin 72-20-8 11 N 1.1 N NA NA 2 11 2 1.1 T-RSL
Endrin aldehyde 7421-93-4 11 N(19) 1.1 N(19) NA NA NA 11 2 1.1 T-RSL
Endrin ketone 53494-70-5 11 N(19) 1.1 N(19) NA NA NA 11 2 1.1 T-RSL
gamma-BHC (Lindane) 58-89-9 0.061 C 0.061 C NA NA 0.2 0.66 0.2 0.061 T-RSL
gamma-chlordane 5103-74-2 0.19 C(16) 0.19 C(16) NA NA NA 2.4 2 0.19 T-RSL
Heptachlor 76-44-8 0.015 C 0.015 C NA NA 0.4 0.19 0.4 0.015 T-RSL
Heptachlor epoxide 1024-57-3 0.0074 C 0.0074 C NA NA 0.2 0.094 0.2 0.0074 T-RSL
Methoxychlor 72-43-5 180 N 18 N NA NA 40 180 40 18 T-RSL
Toxaphene 8001-35-2 0.061 C 0.061 C NA NA 3 0.77 3 0.061 T-RSL
Dioxins/Furans
1,2,3,4,6,7,8,9-OCDD 3268-87-9 0.0017 C(20) 0.0017 C(20) NA NA NA NA NA 0.0017 T-RSL
1,2,3,4,6,7,8,9-OCDF 39001-02-0 0.0017 C(20) 0.0017 C(20) NA NA NA NA NA 0.0017 T-RSL
1,2,3,4,6,7,8-HPCDD 35822-46-9 0.000052 C(20) 0.000052 C(20) NA NA NA NA NA 0.000052 T-RSL
1,2,3,4,6,7,8-HPCDF 67562-39-4 0.000052 C(20) 0.000052 C(20) NA NA NA NA NA 0.000052 T-RSL
1,2,3,4,7,8,9-HPCDF 55673-89-7 0.000052 C(20) 0.000052 C(20) NA NA NA NA NA 0.000052 T-RSL
1,2,3,4,7,8-HXCDD 39227-28-6 0.0000052 C(20) 0.0000052 C(20) NA NA NA NA NA 0.0000052 T-RSL
1,2,3,4,7,8-HXCDF 70648-26-9 0.0000052 C(20) 0.0000052 C(20) NA NA NA NA NA 0.0000052 T-RSL
1,2,3,6,7,8-HXCDD 57653-85-7 0.0000052 C(20) 0.0000052 C(20) NA NA NA NA NA 0.0000052 T-RSL
1,2,3,6,7,8-HXCDF 57117-44-9 0.0000052 C(20) 0.0000052 C(20) NA NA NA NA NA 0.0000052 T-RSL
1,2,3,7,8,9-HXCDD 19408-74-3 0.0000052 C(20) 0.0000052 C(20) NA NA NA NA NA 0.0000052 T-RSL
1,2,3,7,8,9-HXCDF 72918-21-9 0.0000052 C(20) 0.0000052 C(20) NA NA NA NA NA 0.0000052 T-RSL
1,2,3,7,8-PECDD 40321-76-4 0.00000052 C(20) 0.00000052 C(20) NA NA NA NA NA 0.00000052 T-RSL
1,2,3,7,8-PECDF 57117-41-6 0.000017 C(20) 0.000017 C(20) NA NA NA NA NA 0.000017 T-RSL
2,3,4,6,7,8-HXCDF 60851-34-5 0.0000052 C(20) 0.0000052 C(20) NA NA NA NA NA 0.0000052 T-RSL
2,3,4,7,8-PECDF 57117-31-4 0.0000017 C(20) 0.0000017 C(20) NA NA NA NA NA 0.0000017 T-RSL
2,3,7,8-TCDD 1746-01-6 0.00000052 C 0.00000052 C NA NA 0.00003 NA NA 0.00000052 T-RSL
2,3,7,8-TCDF 51207-31-9 0.0000052 C(20) 0.0000052 C(20) NA NA NA NA NA 0.0000052 T-RSL
Total HpCDD 37871-00-4 NA NA NA NA NA NA NA NA None
Total HpCDF 38998-75-3 NA NA NA NA NA NA NA NA None
Total HxCDD 34465-46-8 NA NA NA NA NA NA NA NA None
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Total HxCDF 55684-94-1 NA NA NA NA NA NA NA NA None
Total PeCDD 36088-22-9 NA NA NA NA NA NA NA NA None
Total PeCDF 30402-15-4 NA NA NA NA NA NA NA NA None
Total TCDD 41903-57-5 NA NA NA NA NA NA NA NA None
Total TCDF 55722-27-5 NA NA NA NA NA NA NA NA None

Notes:

3 - USEPA Maximum Contaminant Levels (MCLs) from the 2009 Edition of the Drinking Water Standards and Health Advisories (USEPA, October 2009). 

5 - One tenth the noncarcinogenic value is less than the carinogenic value; therefore, the noncarcinogenic value is presented.
6 - Value is for 1,3-dichloropropene.
7 - Value is for xylene, mixture.
8 - Value is for 2,4-dinitrophenol.
9 - Value is for diethyl phthalate.
10 - Value is for acenapththene.
11 - Value is for pyrene.
12 - Value is for hexavalent chromium.
13 - Action level under Safe Drinking Water Act.
14 -  Value is for mercuy, inorganic salts.
15 - Value is for vanadium and compounds.
16 - Value is for chlordane.
17 - Value is for alpha-BHC.
18 - Value is for endosulfan.
19 - Value is for endrin.
20 - Value is derived by multiplying criteria for 2,3,7,8-TCDD by World Health Organization Toxicity Equivalent Factor.

Abbreviations:
NA - Not available or not applicable
N - Noncarcinogen
C - carcinogen

4 - Indiana Department of Environmental Management (IDEM) groundwater screening levels for direct contact and groundwater Default Closure Levels from IDEM RISC Technical Guide, January 31, 2006, Appendix 
1, revised  May 1, 2009.

1 - The tapwater screening levels from the USEPA Regions 3, 6, and 9 Regional Screening Levels (T-RSLs) for Chemical Contaminants at Superfund Sites, November, 2010 available online at http://epa-
prgs.ornl.gov/chemicals/index.shtml.  The vapor screening levels (VAPOR) were calculated using USEPA guidance (November, 2002) and toxicity values from USEPA (November, 2010).  The risk-based screening 
levels are based on a target hazard quotient of 1 for noncarcinogens (denoted with a "N" flag)  or an incremental lifetime cancer risk (ILCR) of 1E-6 for carcinogens (denoted with a "C" flag).

2 - The USEPA T-RSL (November, 2010) and VAPOR (calculated using USEPA guidance [November, 2002] and toxicity criteria [November, 2010]) adjusted values from the risk-based screening level for non-
carcinogens adjusted by dividing by 10, equivalent to a target hazard quotient of 0.1.  The risk-based screening level for carcinogens is equivalent to an incremental lifetime cancer risk (ILCR) of 1E-6. 
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Residential 
Direct 

Contact

Residential 
Default Closure 

Level

Industrial 
Direct 

Contact

Industrial 
Default 

Closure Level

Volatile Organic Compounds
1,1,1-Trichloroethane 71-55-6 8700 N 870 N 5000 1.9 1.9 IDEM-RDCL 38000 N 6700 280
1,1,2,2-Tetrachloroethane 79-34-5 0.56 C 0.56 C 5 0.007 0.007 IDEM-RDCL 2.8 C 8.7 0.11
1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113 76-13-1 43000 N 4300 N NA NA 4300 R-RSL 180000 N NA NA
1,1,2-Trichloroethane 79-00-5 1.1 C 1.1 C 9.4 0.03 0.03 IDEM-RDCL 5.3 C 15 0.3
1,1-Dichloroethane 75-34-3 3.3 C 3.3 C 1300 5.6 3.3 R-RSL 17 C 1700 58
1,1-Dichloroethene 75-35-4 240 N 24 N 310 0.058 0.058 IDEM-RDCL 1100 N 410 42
1,2,3- Trichlorobenzene 87-61-6 49 N 4.9 N NA NA 4.9 R-RSL 490 N NA NA
1,2,4-Trichlorobenzene 120-82-1 62 N(4) 6.2 N(4) 1800 5.3 5.3 IDEM-RDCL 270 N(4) 4900 77
1,2-Dibromo-3-chloropropane  (DBCP) 96-12-8 0.0054 C 0.0054 C NA NA 0.0054 R-RSL 0.069 C NA NA
1,2-Dibromoethane  (EDB) 106-93-4 0.034 C 0.034 C 0.3 0.00034 0.00034 IDEM-RDCL 0.17 C 0.49 0.0096
1,2-Dichlorobenzene 95-50-1 1900 N 190 N 2800 17 17 IDEM-RDCL 9800 N 3900 220
1,2-Dichloroethane 107-06-2 0.43 C 0.43 C 3.7 0.024 0.024 IDEM-RDCL 2.2 C 5.8 0.15
1,2-Dichloropropane 78-87-5 0.89 C 0.89 C 4.5 0.03 0.03 IDEM-RDCL 4.5 C 7.2 0.25
1,3-Dichlorobenzene 541-73-1 NA NA 420 2.3 2.3 IDEM-RDCL NA 890 8.9
1,4-Dichlorobenzene 106-46-7 2.4 C 2.4 C 42 2.2 2.2 IDEM-RDCL 12 C 73 3.4
1,4-Dioxane 123-91-1 4.9 C 4.9 C NA NA 4.9 R-RSL 160 C NA NA
2-Butanone (MEK) 78-93-3 28000 N 2800 N 44000 35 35 IDEM-RDCL 200000 N 70000 250
2-Hexanone 591-78-6 210 N 21 N NA NA 21 R-RSL 1400 N NA NA
4-Methyl-2-pentanone (MIBK) 108-10-1 5300 N 530 N 12000 20 20 IDEM-RDCL 53000 N 29000 75
Acetone 67-64-1 61000 N 6100 N 35000 28 28 IDEM-RDCL 630000 N 51000 370
Benzene 71-43-2 1.1 C 1.1 C 8.4 0.034 0.034 IDEM-RDCL 5.4 C 14 0.35
Bromochloromethane 74-97-5 NA NA NA NA NA None NA NA NA
Bromodichloromethane 75-27-4 0.27 C 0.27 C 10 0.51 0.27 R-RSL 1.4 C 17 0.51
Bromoform 75-25-2 61 C 61 C 280 0.6 0.6 IDEM-RDCL 220 C 580 2.7
Bromomethane 74-83-9 7.3 N 0.73 N 9.9 0.052 0.052 IDEM-RDCL 32 N 13 0.7
Carbon disulfide 75-15-0 820 N 82 N 900 10 10 IDEM-RDCL 3700 N 1200 82
Carbon tetrachloride 56-23-5 0.61 C 0.61 C 3.3 0.066 0.066 IDEM-RDCL 3.0 C 5.2 0.29
Chlorobenzene 108-90-7 290 N 29 N 380 1.3 1.3 IDEM-RDCL 1400 N 510 27
Chloroethane 75-00-3 15000 N 1500 N 80 0.65 0.65 IDEM-RDCL 61000 N 120 10
Chloroform 67-66-3 0.29 C 0.29 C 3 0.47 0.29 R-RSL 1.5 C 4.7 4.7
Chloromethane 74-87-3 120 N 12 N NA NA 12 R-RSL 500 N NA NA
cis-1,2-Dichloroethene 156-59-2 160 N 16 N 110 0.4 0.4 IDEM-RDCL 10000 N 140 5.8
cis-1,3-Dichloropropene 10061-01-5 1.7 C(5) 1.7 C(5) NA NA 1.7 R-RSL 8.1 C(5) NA NA
Cyclohexane 110-82-7 7000 N 700 N 7200 69 69 IDEM-RDCL 29000 N 9300 69
Dibromochloromethane 124-48-1 0.68 C 0.68 C NA NA 0.68 R-RSL 3.3 C NA NA
Dichlorodifluoromethane 75-71-8 180 N 18 N NA NA 18 R-RSL 780 N NA NA
Ethylbenzene 100-41-4 5.4 C 5.4 C 4600 13 5.4 R-RSL 27 C 6800 160
Isopropylbenzene 98-82-8 2100 N 210 N 1400 11 11 IDEM-RDCL 11000 N 1900 42
m,p-Xylenes 179601-23-1 620 N(6) 62 N(6) NA NA 62 R-RSL 2700 (6) NA NA
Methyl acetate 79-20-9 78000 N 7800 N NA NA 7800 R-RSL 1000000 N NA NA
Methylcyclohexane 108-87-2 NA NA NA NA NA None NA NA NA
Methylene chloride 75-09-2 11 C 11 C 120 0.023 0.023 IDEM-RDCL 53 C 200 1.8
Methyl-tert-butyl ether 1634-04-4 43 C 43 C 350 0.18 0.18 IDEM-RDCL 220 C 650 3.2
o-Xylene 95-47-6 3800 N 380 N NA NA 380 R-RSL 19000 N NA NA
Styrene 100-42-5 6300 N 630 N 11000 3.5 3.5 IDEM-RDCL 36000 N 16000 550
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Tetrachloroethene 127-18-4 0.55 C 0.55 C 9.9 0.058 0.058 IDEM-RDCL 2.6 C 16 0.64
Toluene 108-88-3 5000 N 500 N 8800 12 12 IDEM-RDCL 45000 N 16000 96
trans-1,2-Dichloroethene 156-60-5 150 N 15 N 180 0.68 0.68 IDEM-RDCL 690 N 230 14
trans-1,3-Dichloropropene 10061-02-6 1.7 C(5) 1.7 C(5) NA NA 1.7 R-RSL 8.1 C(5) NA NA
Trichloroethene 79-01-6 2.8 C 2.8 C 4.9 0.057 0.057 IDEM-RDCL 14 C 24 0.35
Trichlorofluoromethane 75-69-4 790 N 79 N 980 29 29 IDEM-RDCL 3400 N 1300 540
Vinyl chloride 75-01-4 0.060 C 0.060 C 1.5 0.013 0.013 IDEM-RDCL 1.7 C 6.4 0.027
Xylenes (total) 1330-20-7 630 N 63 N 690 170 63.0 R-RSL 2700 N 890 170
Semivolatile Organic Compounds
1,1'-Biphenyl 92-52-4 3900 N 390 N NA NA 390 R-RSL 51000 N NA NA
1,2,4,5-Tetrachlorobenzene 95-94-3 18 N 1.8 N NA NA 1.8 R-RSL 180 N NA NA
2,2'-Oxybis(1-chloropropane) 108-60-1 4.6 C 4.6 C 30 0.027 0.027 IDEM-RDCL 22 C 61 0.26
2,3,4,6-Tetrachlorophenol 58-90-2 1800 N 180 N NA NA 180 R-RSL 18000 N NA NA
2,4,5-Trichlorophenol 95-95-4 6100 N 610 N 18000 250 250 IDEM-RDCL 62000 N 49000 690
2,4,6-Trichlorophenol 88-06-2 61 N(4) 6.1 N(4) 18 0.07 0.07 IDEM-RDCL 620 N(4) 49 0.2
2,4-Dichlorophenol 120-83-2 180 N 18 N 550 1.1 1.1 IDEM-RDCL 1800 N 1500 3
2,4-Dimethylphenol 105-67-9 1200 N 120 N 3700 9 9 IDEM-RDCL 12000 N 9800 25
2,4-Dinitrophenol 51-28-5 120 N 12 N 370 0.29 0.29 IDEM-RDCL 1200 N 980 0.82
2,4-Dinitrotoluene 121-14-2 1.6 C 1.6 C NA NA 1.6 R-RSL 5.5 C NA NA
2,6-Dinitrotoluene 606-20-2 61 N 6.1 N NA NA 6.1 R-RSL 620 N NA NA
2-Chloronaphthalene 91-58-7 6300 N 630 N 15000 42 42 IDEM-RDCL 82000 N 39000 560
2-Chlorophenol 95-57-8 390 N 39 N 360 0.75 0.75 IDEM-RDCL 5100 N 580 10
2-Methylphenol (o-Cresol) 95-48-7 3100 N 310 N 7500 14 14 IDEM-RDCL 31000 N 17000 39
2-Nitroaniline 88-74-4 610 N 61 N 550 0.67 0.67 IDEM-RDCL 6000 N 1500 1.9
2-Nitrophenol 88-75-5 120 N(7) 12 N(7) NA NA 12 R-RSL 1200 N(7) NA NA
3,3'-Dichlorobenzidine 91-94-1 1.1 C 1.1 C 9.5 0.062 0.062 IDEM-RDCL 3.8 C 31 0.21
3-Methylphenol (m-Cresol) 108-39-4 3100 N 310 N 9100 9.8 9.8 IDEM-RDCL 31000 N 25000 28
3-Nitroaniline 99-09-2 NA NA NA NA NA None NA NA NA
4,6-Dinitro-2-methylphenol 534-52-1 4.9 N 0.49 N NA NA 0.49 R-RSL 49 N NA NA
4-Bromophenyl phenyl ether 101-55-3 NA NA NA NA NA NA NA NA NA
4-Chloro-3-methyl phenol 59-50-7 6100 N 610 N NA NA 610 R-RSL 62000 N NA NA
4-Chloroanaline 106-47-8 2.4 C 2.40 C 730 0.97 0.97 IDEM-RDCL 8.6 C 2000 2.7
4-Chlorophenyl phenyl ether 7005-72-3 NA NA NA NA NA None NA NA NA
4-Methylphenol (p-Cresol) 106-44-5 310 N 31 N 910 1.1 1.1 IDEM-RDCL 3100 N 2500 3
4-Nitroaniline 100-01-6 24 C 24 C NA NA 24 R-RSL 86 C NA NA
4-Nitrophenol 100-02-7 NA NA NA NA NA None NA NA NA
Acetophenone 98-86-2 7800 N 780 N NA NA 780 R-RSL 100000 N NA NA
Atrazine 1912-24-9 2.1 C 2.1 C 19 0.048 0.048 IDEM-RDCL 7.5 C 63 0.21
Benzaldehyde 100-52-7 7800 N 780 N NA NA 780 R-RSL 100000 N NA NA
Bis(2-chloroethoxy)methane 111-91-1 180 N 18 N NA NA 18 R-RSL 1800 N NA NA
Bis(2-chloroethyl)ether 111-44-4 0.21 C 0.21 C 1.6 0.0007 0.0007 IDEM-RDCL 1.0 C 3 0.012
Bis(2-ethylhexyl)phthalate 117-81-7 35 C 35 C 300 300 35 R-RSL 120 C 980 980
Butyl benzyl phthalate 85-68-7 260 C 260 C 37000 310 260 R-RSL 910 C 98000 310
Caprolactam 105-60-2 31000 N 3100 N NA NA 3100 R-RSL 310000 N NA NA
Carbazole 86-74-8 NA NA 210 5.9 5.9 IDEM-RDCL NA 690 20
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Dibenzofuran 132-64-9 78 N 7.8 N 370 4.9 4.9 IDEM-RDCL 1000 N 980 65
Diethyl phthalate 84-66-2 49000 N 4900 N 150000 450 450 IDEM-RDCL 490000 N 390000 840
Dimethyl phthalate 131-11-3 49000 N(8) 4900 N(8) 1000000 1100 1100 IDEM-RDCL 490000 N(8) 1000000 1100
Di-n-butyl phthalate 84-74-2 6100 N 610 N 18000 760 610 R-RSL 62000 N 49000 760
Di-n-octyl phthalate 117-84-0 NA NA 7300 2000 2000 IDEM-RDCL NA 20000 2000
Hexachlorobenzene 118-74-1 0.30 C 0.30 C 2.7 2.2 0.30 R-RSL 1.1 C 8.6 3.9
Hexachlorobutadiene 87-68-3 61 N(4) 6.1 N(4) 55 24 6.1 R-RSL 22 C 150 66
Hexachlorocyclopentadiene 77-47-4 370 N 37 N 1100 400 37 R-RSL 3700 N 2900 720
Hexachloroethane 67-72-1 61 N(4) 6.1 N(4) 120 2.8 2.8 IDEM-RDCL 620 N(4) 240 7.7
Isophorone 78-59-1 510 C 510 C 4500 5.3 5.3 IDEM-RDCL 1800 C 14000 18
Nitrobenzene 98-95-3 4.8 C 4.8 C 91 0.028 0.028 IDEM-RDCL 24 C 250 0.34
N-Nitrosodi-n-propylamine 621-64-7 0.069 C 0.069     C 0.61 0.0006 0.0006 IDEM-RDCL 0.25 C 2 0.002
N-Nitrosodiphenylamine 86-30-6 99 C 99 C 870 9.7 9.7 IDEM-RDCL 350 C 2800 32
Pentachlorophenol 87-86-5 0.89 C 0.89 C 20 0.028 0.028 IDEM-RDCL 9.0 C 54 0.66
Phenol 108-95-2 18000 N 1800 N 44000 56 56 IDEM-RDCL 180000 N 96000 160
Polycyclic Aromatic Hydrocarbons 
2-Methylnaphthalene 91-57-6 310 N 31 N 630 3.1 3.1 IDEM-RDCL 4100 N 1600 42
Acenaphthene 83-32-9 3400 N 340 N 9500 130 130 IDEM-RDCL 33000 N 24000 1800
Acenaphthylene 208-96-8 3400 N(9) 340 N(9) 1100 18 18 IDEM-RDCL 170000 N(9) 2800 180
Anthracene 120-12-7 17000 N 1700 N 47000 2000 1700 R-RSL 170000 N 120000 2000
Benzo(a)anthracene 56-55-3 0.15 C 0.15 C 5 5 0.15 R-RSL 2.1 C 15 15
Benzo(a)pyrene 50-32-8 0.015 C 0.015 C 0.5 0.5 0.015 R-RSL 0.21 C 1.5 1.5
Benzo(b)fluoranthene 205-99-2 0.15 C 0.15 C 5 5 0.15 R-RSL 2.1 C 15 15
Benzo(g,h,i)perylene 191-24-2 1700 N(10) 170 N(10) NA NA 170 R-RSL 17000 N(10) NA NA
Benzo(k)fluoranthene 207-08-9 1.5 C 1.5 C 50 50 1.5 R-RSL 21 C 150 150
Chrysene 218-01-9 15 C 15 C 500 500 15 R-RSL 210 C 1500 1500
Dibenzo(a,h)anthracene 53-70-3 0.015 C 0.015 C 0.5 0.5 0.015 R-RSL 0.21 C 1.5 1.5
Fluoranthene 206-44-0 2300 N 230 N 6300 2000 230 R-RSL 22000 N 16000 2000
Fluorene 86-73-7 2300 N 230 N 6300 170 170 IDEM-RDCL 22000 N 16000 2000
Indeno(1,2,3-c,d)pyrene 193-39-5 0.15 C 0.15 C 5 5 0.15 R-RSL 2.1 C 15 15
Naphthalene 91-20-3 3.6 C 3.60 C 3200 0.7 0.7 IDEM-RDCL 18 C 8000 170
Phenanthrene 85-01-8 1700 N(10) 170 N(10) 470 13 13 IDEM-RDCL 17000 N(10) 1200 170
Pyrene 129-00-0 1700 N 170 N 4700 2000 170 R-RSL 17000 N 12000 2000
Polychlorinated Biphenyls
Aroclor-1016 12674-11-2 3.9 N 0.39 N NA NA 0.39 R-RSL 37 N(4) NA NA
Aroclor-1221 11104-28-2 0.14 C 0.14 C NA NA 0.14 R-RSL 0.54 C NA NA
Aroclor-1232 11141-16-5 0.14 C 0.14 C NA NA 0.14 R-RSL 0.54 C NA NA
Aroclor-1242 53469-21-9 0.22 C 0.22 C NA NA 0.22 R-RSL 0.74 C NA NA
Aroclor-1248 12672-29-6 0.22 C 0.22 C NA NA 0.22 R-RSL 0.74 C NA NA
Aroclor-1254 11097-69-1 1.1 N(4) 0.11 N(4) NA NA 0.11 R-RSL 0.74 C NA NA
Aroclor-1260 11096-82-5 0.22 C 0.22 C NA NA 0.22 R-RSL 0.74 C NA NA
Total PCBs 1336-36-3 NA NA NA NA NA None NA NA NA
Metals
Aluminum 7429-90-5 77000 N 7700 N NA NA 7700 R-RSL 990000 NM NA NA
Antimony 7440-36-0 31 N 3.1 N 140 5.4 3.1 R-RSL 410 N 620 37
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Arsenic 7440-38-2 0.39 C 0.39 C 3.9 3.9 0.39 R-RSL 1.6 C 20 5.8
Barium 7440-39-3 15000 N 1500 N 63000 1600 1500 R-RSL 190000 NM 230000 10000
Beryllium 7440-41-7 160 N 16 N 680 63 16 R-RSL 2000 N 2900 2300
Cadmium 7440-43-9 70 N 7 N 12 7.5 7 R-RSL 800 N 990 77
Calcium 7440-70-2 NA NA NA NA NA None NA NA NA
Chromium 7440-47-3 0.29 C(11) 0.29 C(11) 430 38 0.29 R-RSL 5.6 C(11) 650 120
Cobalt 7440-48-4 23 N 2.3 N NA NA 2.3 R-RSL 300 N NA NA
Copper 7440-50-8 3100 N 310 N 14000 920 310 R-RSL 41000 N 62000 2900
Iron 7439-89-6 55000 N 5500 N NA NA 5500 R-RSL 720000 N NA NA
Lead 7439-92-1 400 (12) 400 (12) 400 81 81 IDEM-RDCL 800 (21) 1300 230
Magnesium 7439-95-4 NA NA NA NA NA None NA NA NA
Manganese 7439-96-5 1800 N 180 N NA NA 180 R-RSL 23000 N NA NA
Mercury 7439-97-6 23 N(13) 2.3 N(13) NA NA 2.3 R-RSL 310 N(13) NA NA
Nickel 7440-02-0 1500 N 150 N 6900 950 150 R-RSL 20000 N 31000 2700
Potassium 7440-09-7 NA NA NA NA NA None NA NA NA
Selenium 7782-49-2 390 N 39 N 1700 5.2 5.2 IDEM-RDCL 5100 N 7800 53
Silver 7440-22-4 390 N 39 N 1700 31 31 IDEM-RDCL 5100 N 7800 87
Sodium 7440-23-5 NA NA NA NA NA None NA NA NA
Thallium 7440-28-0 NA NA 24 2.8 2.8 IDEM-RDCL NA 110 10
Vanadium 7440-62-2 390 N(14) 39 N(14) NA NA 39 R-RSL 5200 N(14) NA NA
Zinc 7440-66-6 23000 N 2300 N 100000 10000 2300 R-RSL 310000 N 470000 10000
Pesticides
4,4'-DDD 72-54-8 2.0 C 2.0 C 28 28 2.0 R-RSL 7.2 C 120 120
4,4'-DDE 72-55-9 1.4 C 1.4 C 20 20 1.4 R-RSL 5.1 C 86 86
4,4'-DDT 50-29-3 1.7 C 1.7 C 20 20 1.7 R-RSL 7.0 C 86 86
Aldrin 309-00-2 0.029 C 0.029 C 0.25 0.25 0.029 R-RSL 0.10 C 0.8 0.8
alpha-BHC 319-84-6 0.077 C 0.077 C 0.99 0.0072 0.0072 IDEM-RDCL 0.27 C 4 0.024
alpha-Chlordane 5103-71-9 1.6 C(16) 1.6 C(16) 17 9.6 1.6 R-RSL 6.5 C(16) 68 39
beta-BHC 319-85-7 0.27 C 0.27 C 3.3 0.026 0.026 IDEM-RDCL 0.96 C 12 0.086
delta-BHC 319-86-8 0.077 C(17) 0.077 C(17) 0.99 0.0072 0.0072 IDEM-RDCL 0.27 C(17) 4 0.024
Dieldrin 60-57-1 0.030 C 0.030 C 0.27 0.046 0.03 R-RSL 0.11 C 0.86 0.15
Endosulfan I 959-98-8 370 N(18) 37 N(18) 1100 20 20 IDEM-RDCL 3700 N(18) 2900 46
Endosulfan II 33213-65-9 370 N(18) 37 N(18) 1100 20 20 IDEM-RDCL 3700 N(18) 2900 46
Endosulfan sulfate 1031-07-8 370 N(18) 37 N(18) 1100 20 20 IDEM-RDCL 3700 N(18) 2900 46
Endrin 72-20-8 18 N 1.8 N 55 0.99 0.99 IDEM-RDCL 180 N 150 15
Endrin aldehyde 7421-93-4 18 N(19) 1.8 N 55 0.99 0.99 IDEM-RDCL 180 N(19) 150 15
Endrin ketone 53494-70-5 18 N(19) 1.8 N 55 0.99 0.99 IDEM-RDCL 180 N(19) 150 15
gamma-BHC (Lindane) 58-89-9 0.52 C 0.52 C 4.8 0.0094 0.0094 IDEM-RDCL 2.1 C 19 0.1
gamma-chlordane 5103-74-2 1.6 C(16) 1.6 C(16) 17 9.6 1.6 R-RSL 6.5 C(16) 68 39
Heptachlor 76-44-8 0.11 C 0.11 C 0.93 0.93 0.11 R-RSL 0.38 C 2.9 2.9
Heptachlor epoxide 1024-57-3 0.053 C 0.053 C 0.47 0.47 0.053 R-RSL 0.19 C 1.5 1
Methoxychlor 72-43-5 310 N 31 N 910 160 31 R-RSL 3100 N 2500 180
Toxaphene 8001-35-2 0.44 C 0.44 C 3.9 3.9 0.44 R-RSL 1.6 C 12 12
Dioxins/Furans
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1,2,3,4,6,7,8,9-OCDD 3268-87-9 0.015 C(20) 0.015 C(20) NA NA 0.015 R-RSL 0.06 C(20) NA NA
1,2,3,4,6,7,8,9-OCDF 39001-02-0 0.015 C(20) 0.015 C(20) NA NA 0.015 R-RSL 0.06 C(20) NA NA
1,2,3,4,6,7,8-HPCDD 35822-46-9 0.00045 C(20) 0.00045 C(20) NA NA 0.00045 R-RSL 0.0018 C(20) NA NA
1,2,3,4,6,7,8-HPCDF 67562-39-4 0.00045 C(20) 0.00045 C(20) NA NA 0.00045 R-RSL 0.0018 C(20) NA NA
1,2,3,4,7,8,9-HPCDF 55673-89-7 0.00045 C(20) 0.00045 C(20) NA NA 0.00045 R-RSL 0.0018 C(20) NA NA
1,2,3,4,7,8-HXCDD 39227-28-6 0.000045 C(20) 4.5E-05 C(20) NA NA 0.000045 R-RSL 0.00018 C(20) NA NA
1,2,3,4,7,8-HXCDF 70648-26-9 0.000045 C(20) 4.5E-05 C(20) NA NA 0.000045 R-RSL 0.00018 C(20) NA NA
1,2,3,6,7,8-HXCDD 57653-85-7 0.000045 C(20) 4.5E-05 C(20) NA NA 0.000045 R-RSL 0.00018 C(20) NA NA
1,2,3,6,7,8-HXCDF 57117-44-9 0.000045 C(20) 4.5E-05 C(20) NA NA 0.000045 R-RSL 0.00018 C(20) NA NA
1,2,3,7,8,9-HXCDD 19408-74-3 0.000045 C(20) 4.5E-05 C(20) NA NA 0.000045 R-RSL 0.00018 C(20) NA NA
1,2,3,7,8,9-HXCDF 72918-21-9 0.000045 C(20) 4.5E-05 C(20) NA NA 0.000045 R-RSL 0.00018 C(20) NA NA
1,2,3,7,8-PECDD 40321-76-4 0.0000045 C(20) 4.5E-06 C(20) NA NA 0.0000045 R-RSL 0.000018 C(20) NA NA
1,2,3,7,8-PECDF 57117-41-6 0.00015 C(20) 0.00015 C(20) NA NA 0.00015 R-RSL 0.00060 C(20) NA NA
2,3,4,6,7,8-HXCDF 60851-34-5 0.000045 C(20) 4.5E-05 C(20) NA NA 0.000045 R-RSL 0.00018 C(20) NA NA
2,3,4,7,8-PECDF 57117-31-4 0.000015 C(20) 1.5E-05 C(20) NA NA 0.000015 R-RSL 0.000060 C(20) NA NA
2,3,7,8-TCDD 1746-01-6 0.0000045 C 4.5E-06 C NA NA 0.0000045 R-RSL 0.000018 C NA NA
2,3,7,8-TCDF 51207-31-9 0.000045 C(20) 4.5E-05 C(20) NA NA 0.000045 R-RSL 0.00018 C(20) NA NA
Total HpCDD 37871-00-4 NA NA NA NA NA None NA NA NA
Total HpCDF 38998-75-3 NA NA NA NA NA None NA NA NA
Total HxCDD 34465-46-8 NA NA NA NA NA None NA NA NA
Total HxCDF 55684-94-1 NA NA NA NA NA None NA NA NA
Total PeCDD 36088-22-9 NA NA NA NA NA None NA NA NA
Total PeCDF 30402-15-4 NA NA NA NA NA None NA NA NA
Total TCDD 41903-57-5 NA NA NA NA NA None NA NA NA
Total TCDF 55722-27-5 NA NA NA NA NA None NA NA NA

#N/A #N/A
Notes:

4 - One tenth the noncarcinogenic value is less than the carinogenic value; therefore, the noncarcinogenic value is presented.
5 - Value is for 1,3-dichloropropene.
6 - Value is for xylene, mixture.
7 - Value is for 2,4-dinitrophenol.
8 - Value is for diethyl phthalate.
9 - Value is for acenapththene.
10 - Value is for pyrene.

3 - Indiana Department of Environmental Management (IDEM) residential soil direct contact screening levels, migration to groundwater screening levels, and 
Residential Default Closure Levels from IDEM RISC Technical Guide, January 31, 2006, Appendix 1, revised  May 1, 2009. (Industrial criteria are also presented 
for information purposes.)

1 - The residential direct contact (R-RSL) and risk-based migration to groundwater soil screening levels (RBSSL) from the USEPA Regions 3, 6, and 9 Regional 
Screening Levels for Chemical Contaminants at Superfund Sites, November, 2010 available online at http://epa-prgs.ornl.gov/chemicals/index.shtml.   The risk-
based screening levels are based on a target hazard quotient of 1 for noncarcinogens (denoted with a "N" flag)  or an incremental lifetime cancer risk (ILCR) of 
1E-6 for carcinogens (denoted with a "C" flag). (Industrial criteria are also presented for information purposes.)
2 - The USEPA R-RSL (November, 2010) residential soil screening level for noncarcinogens adjusted by dividing by 10, equivalent to a target hazard quotient of 
0.1.  The residential soil screening level for carcinogens (not adjusted) is equivalent to an incremental lifetime cancer risk (ILCR) of 1E-6.   The USEPA RBSSL 
(November, 2010) is adjusted for a dilution attenuation factor (DAF) of 20.
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11 - Value is for hexavalent chromium.
12 - Office of Solid Waste and Emergency Response soil screening level (EPA, 1994b)
13 -  Value is for mercuy, inorganic salts.
14 - Value is for vanadium and compounds.
15 - Calculated from the EPA website (http://epa-prgs.ornl.gov/cgi-bin/chemicals/csl_search).
16 - Value is for chlordane.
17 - Value is for alpha-BHC.
18 - Value is for endosulfan.
19 - Value is for endrin.
20 - Value is derived by multiplying criteria for 2,3,7,8-TCDD by World Health Organization Toxicity Equivalent Factor.
21 - USEPA Technical Review Workgroup for Lead. Guidance Document. “Frequently Asked Question (FAQs) on the Adult‑Lead Model.” October 2010.  http://www.epa.gov/superfund/lead/almfaq.htm

Abbreviations:
NA - Not applicable or not available
C - Carcinogen
EPA - U.S. Environmental Protection Agency
N - Noncarcinogen
NA - Not available
SSL - Soil Screening Level
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Volatile Organic Compounds
1,1,1-Trichloroethane 71-55-6 9100 N 910 N 200 3800 200 200 IDEM G-DCL
1,1,2,2-Tetrachloroethane 79-34-5 0.067 C 0.067 C NA 0.9 0.9 0.067 T-RSL
1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) 76-13-1 59000 N 5900 N NA NA NA 5900 T-RSL
1,1,2-Trichloroethane 79-00-5 0.24 C 0.24 C 5 3.2 5 0.24 T-RSL
1,1-Dichloroethane 75-34-3 2.4 C 2.4 C NA 990 990 2.4 T-RSL
1,1-Dichloroethene 75-35-4 340 N 34 N 7 430 7 7 IDEM G-DCL
1,2,3- Trichlorobenzene 87-61-6 29 N 2.9 N NA NA NA 2.9 T-RSL
1,2,4-Trichlorobenzene 120-82-1 4.1 N(5) 0.41 N(5) 70 9.5 70 0.41 T-RSL
1,2-Dibromo-3-chloropropane  (DBCP) 96-12-8 0.00032 C 0.00032 C 0.2 NA NA 0.00032 T-RSL
1,2-Dibromoethane  (EDB) 106-93-4 0.0065 C 0.0065 C 0.05 0.086 0.05 0.0065 T-RSL
1,2-Dichlorobenzene 95-50-1 370 N 37 N 600 480 600 37 T-RSL
1,2-Dichloroethane 107-06-2 0.15 C 0.15 C 5 2 5 0.15 T-RSL
1,2-Dichloropropane 78-87-5 0.39 C 0.39 C 5 2.6 5 0.39 T-RSL
1,3-Dichlorobenzene 541-73-1 NA NA NA 80 80 80 IDEM G-DCL
1,4-Dichlorobenzene 106-46-7 0.43 C 0.43 C 75 8 75 0.43 T-RSL
1,4-Dioxane 123-91-1 0.67 C 0.67 C NA NA NA 0.67 T-RSL
2-Butanone (MEK) 78-93-3 7100 N 710 N NA 8400 8400 710 T-RSL
2-Hexanone 591-78-6 47 N 4.7 N NA NA NA 4.7 T-RSL
4-Methyl-2-pentanone (MIBK) 108-10-1 2000 N 200 N NA 2200 2200 200 T-RSL
Acetone 67-64-1 22000 N 2200 N NA 6900 6900 2200 T-RSL
Benzene 71-43-2 0.41 C 0.41 C 5 5.5 5 0.41 T-RSL
Bromochloromethane 74-97-5 NA NA NA NA NA NA None
Bromodichloromethane 75-27-4 0.12 C 0.12 C 80 2.9 80 0.12 T-RSL
Bromoform 75-25-2 8.5 C 8.5 C 80 110 80 8.5 T-RSL
Bromomethane 74-83-9 8.7 N 0.87 N NA 11 11 0.87 T-RSL
Carbon disulfide 75-15-0 1000 N 100 N NA 1300 1300 100 T-RSL
Carbon tetrachloride 56-23-5 0.44 C 0.44 C 5 2.6 5 0.44 T-RSL
Chlorobenzene 108-90-7 91 N 9.1 N 100 130 100 9.1 T-RSL
Chloroethane 75-00-3 21000 N 2100 N NA 62 62 62 IDEM G-DCL
Chloroform 67-66-3 0.19 C 0.19 C 80 2.8 80 0.19 T-RSL
Chloromethane 74-87-3 190 N 19 N NA NA NA 19 T-RSL
cis-1,2-Dichloroethene 156-59-2 73 N 7.3 N 70 77 70 7.3 T-RSL
cis-1,3-Dichloropropene 10061-01-5 40 N(6) 4 N(6) NA NA NA 4 T-RSL
Cyclohexane 110-82-7 13000 N 1300 N NA 13000 13000 1300 T-RSL
Dibromochloromethane 124-48-1 0.15 C 0.15 C 80 NA NA 0.15 T-RSL
Dichlorodifluoromethane 75-71-8 390 N 39 N NA NA NA 39 T-RSL
Ethylbenzene 100-41-4 1.5 C 1.5 C 700 1600 700 1.5 T-RSL
Isopropylbenzene 98-82-8 680 N 68 N NA 830 830 68 T-RSL
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m,p-Xylenes 179601-23-1 200 N(7) 20 N(7) 10000 NA NA 20 T-RSL
Methyl acetate 79-20-9 37000 N 3700 N NA NA NA 3700 T-RSL
Methylcyclohexane 108-87-2 NA NA NA NA NA NA None
Methylene chloride 75-09-2 4.8 C 4.8 C 5 63 5 4.8 T-RSL
Methyl-tert-butyl ether 1634-04-4 12 C 12 C NA 40 40 12 T-RSL
o-Xylene 95-47-6 1200 N 120 N NA NA NA 120 T-RSL
Styrene 100-42-5 1600 N 160 N 100 2000 100 100 IDEM G-DCL
Tetrachloroethene 127-18-4 0.11 C 0.11 C 5 6.5 5 0.11 T-RSL
Toluene 108-88-3 2300 N 230 N 1000 2400 1000 230 T-RSL
trans-1,2-Dichloroethene 156-60-5 110 N 11 N 100 150 100 11 T-RSL
trans-1,3-Dichloropropene 10061-02-6 40 N(6) 4.0 N(6) NA NA NA 4.0 T-RSL
Trichloroethene 79-01-6 2.0 C 2.0 C 5 2.8 5 2.0 T-RSL
Trichlorofluoromethane 75-69-4 1300 N 130 N NA 1700 1700 130 T-RSL
Vinyl chloride 75-01-4 0.016 C 0.016 C 2 0.53 2 0.016 T-RSL
Xylenes (total) 1330-20-7 200 N 20 N 10000 270 10000 20 T-RSL
Semivolatile Organic Compounds
1,1'-Biphenyl 92-52-4 1800 N 180 N NA NA NA 180 T-RSL
1,2,4,5-Tetrachlorobenzene 95-94-3 11 N 1.1 N NA NA NA 1.1 T-RSL
2,2'-Oxybis(1-chloropropane) 108-60-1 0.32 C 0.32 C NA 4.2 4.2 0.32 T-RSL
2,3,4,6-Tetrachlorophenol 58-90-2 1100 N 110 N NA NA NA 110 T-RSL
2,4,5-Trichlorophenol 95-95-4 3700 N 370 N NA 3600 3600 370 T-RSL
2,4,6-Trichlorophenol 88-06-2 37 N(5) 3.7 N(5) NA 3.6 3.6 3.6 IDEM G-DCL
2,4-Dichlorophenol 120-83-2 110 N 11 N NA 110 110 11 T-RSL
2,4-Dimethylphenol 105-67-9 730 N 73 N NA 730 730 73 T-RSL
2,4-Dinitrophenol 51-28-5 73 N 7.3 N NA 73 73 7.3 T-RSL
2,4-Dinitrotoluene 121-14-2 0.22 C 0.22 C NA NA NA 0.22 T-RSL
2,6-Dinitrotoluene 606-20-2 37 N 3.7 N NA NA NA 3.7 T-RSL
2-Chloronaphthalene 91-58-7 2900 N 290 N NA 610 610 290 T-RSL
2-Chlorophenol 95-57-8 180 N 18 N NA 38 38 18 T-RSL
2-Methylphenol (o-Cresol) 95-48-7 1800 N 180 N NA 1800 1800 180 T-RSL
2-Nitroaniline 88-74-4 370 N 37 N NA 110 110 37 T-RSL
2-Nitrophenol 88-75-5 73 N(8) 7.3 N(8) NA NA NA 7.3 T-RSL
3,3'-Dichlorobenzidine 91-94-1 0.15 C 0.15 C NA 1.9 1.9 0.15 T-RSL
3-Nitroaniline 99-09-2 NA NA NA NA NA NA None
4,6-Dinitro-2-methylphenol 534-52-1 2.9 N 0.29 N NA NA NA 0.29 T-RSL
4-Bromophenyl phenyl ether 101-55-3 NA NA NA NA NA NA None
4-Chloro-3-methyl phenol 59-50-7 3700 N 370 N NA NA NA 370 T-RSL
4-Chloroanaline 106-47-8 0.34 C 0.34 C NA 150 150 0.34 T-RSL
4-Chlorophenyl phenyl ether 7005-72-3 NA NA NA NA NA NA None
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4-Methylphenol (p-Cresol) 106-44-5 180 N 18 N NA 180 180 18 T-RSL
4-Nitroaniline 100-01-6 3.4 C 3.4 C NA NA NA 3.4 T-RSL
4-Nitrophenol 100-02-7 NA NA NA NA NA NA None
Acetophenone 98-86-2 3700 N 370 N NA NA NA 370 T-RSL
Atrazine 1912-24-9 0.29 C 0.29 C 3 3.9 3 0.29 T-RSL
Benzaldehyde 100-52-7 3700 N 370 N NA NA NA 370 T-RSL
Bis(2-chloroethoxy)methane 111-91-1 110 N 11 N NA NA NA 11 T-RSL
Bis(2-chloroethyl)ether 111-44-4 0.012 C 0.012 C NA 0.15 0.15 0.012 T-RSL
Bis(2-ethylhexyl)phthalate 117-81-7 4.8 C 4.8 C 6 61 6 4.8 T-RSL
Butyl benzyl phthalate 85-68-7 35 C 35 C NA 7300 2700 35 T-RSL
Caprolactam 105-60-2 18000 N 1800 N NA NA NA 1800 T-RSL
Carbazole 86-74-8 NA NA NA 43 43 43 IDEM G-DCL
Dibenzofuran 132-64-9 37 N 3.7 N NA 15 15 3.7 T-RSL
Diethyl phthalate 84-66-2 29000 N 2900 N NA 29000 29000 2900 T-RSL
Dimethyl phthalate 131-11-3 29000 N(9) 2900 N(9) NA 360000 360000 2900 T-RSL
Di-n-butyl phthalate 84-74-2 3700 N 370 N NA 3600 3600 370 T-RSL
Di-n-octyl phthalate 117-84-0 NA NA NA 1500 20 20 IDEM G-DCL
Hexachlorobenzene 118-74-1 0.042 C 0.042 C 1 0.53 1 0.042 T-RSL
Hexachlorobutadiene 87-68-3 0.86 C 0.86 C NA 11 11 0.86 T-RSL
Hexachlorocyclopentadiene 77-47-4 220 N 22 N 50 220 50 22 T-RSL
Hexachloroethane 67-72-1 37 N(5) 3.7 N(5) NA 36 36 3.7 T-RSL
Isophorone 78-59-1 71 C 71 C NA 900 900 71 T-RSL
Nitrobenzene 98-95-3 0.12 C 0.12 C NA 4.3 4.3 0.12 T-RSL
N-Nitrosodi-n-propylamine 621-64-7 0.0096 C 0.0096 C NA 0.12 0.12 0.0096 T-RSL
N-Nitrosodiphenylamine 86-30-6 14 C 14 C NA 170 170 14 T-RSL
Pentachlorophenol 87-86-5 0.17 C 0.17 C 1 7.1 1 0.17 T-RSL
Phenol 108-95-2 11000 N 1100 N NA 11000 11000 1100 T-RSL
Polycyclic Aromatic Hydrocarbons 
2-Methylnaphthalene 91-57-6 150 N 15 N NA 31 31 15 T-RSL
Acenaphthene 83-32-9 2200 N 220 N NA 460 460 220 T-RSL
Acenaphthylene 208-96-8 2200 N(10) 220 N(10) NA 71 71 71 IDEM G-DCL
Anthracene 120-12-7 11000 N 1100 N NA 2300 2300 1100 T-RSL
Benzo(a)anthracene 56-55-3 0.029 C 0.029 C NA 1.2 1.2 0.029 T-RSL
Benzo(a)pyrene 50-32-8 0.0029 C 0.0029 C 0.2 0.12 0.2 0.0029 T-RSL
Benzo(b)fluoranthene 205-99-2 0.029 C 0.029 C NA 1.2 1.2 0.029 T-RSL
Benzo(g,h,i)perylene 191-24-2 1100 N(11) 110 N(11) NA NA NA 110 T-RSL
Benzo(k)fluoranthene 207-08-9 0.29 C 0.29 C NA 12 12 0.29 T-RSL
Chrysene 218-01-9 2.9 C 2.9 C NA 120 120 2.9 T-RSL
Dibenzo(a,h)anthracene 53-70-3 0.0029 C 0.0029 C NA 0.12 0.12 0.0029 T-RSL
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Fluoranthene 206-44-0 1500 N 150 N NA 1500 1500 150 T-RSL
Fluorene 86-73-7 1500 N 150 N NA 310 310 150 T-RSL
Indeno(1,2,3-c,d)pyrene 193-39-5 0.029 C 0.029 C NA 1.2 1.2 0.029 T-RSL
Naphthalene 91-20-3 0.14 C 0.14 C NA 8.3 8.3 0.14 T-RSL
Phenanthrene 85-01-8 1100 N(11) 110 N(11) NA 23 23 23 IDEM G-DCL
Pyrene 129-00-0 1100 N 110 N NA 1100 1100 110 T-RSL
Metals
Aluminum 7429-90-5 37000 N 3700 N NA NA NA 3700 T-RSL
Antimony 7440-36-0 15 N 1.5 N 6 15 6 1.5 T-RSL
Arsenic 7440-38-2 0.045 C 0.045 C 10 0.57 10 0.045 T-RSL
Barium 7440-39-3 7300 N 730 N 2000 7300 2000 730 T-RSL
Beryllium 7440-41-7 73 N 7.3 N 4 73 4 4 IDEM G-DCL
Cadmium 7440-43-9 18 N 1.8 N 5 18 5 1.8 T-RSL
Calcium 7440-70-2 NA NA NA NA NA NA None
Chromium 7440-47-3 0.043 C(12) 0.043 C(12) 100 NA NA 0.043 T-RSL
Cobalt 7440-48-4 11 N 1.1 N NA NA NA 1.1 T-RSL
Copper 7440-50-8 1500 N 150 N 1300 1500 1300 150 T-RSL
Iron 7439-89-6 26000 N 2600 N NA NA NA 2600 T-RSL
Lead 7439-92-1 15 (13) 15 (13) 15 15 15 15 T-RSL
Magnesium 7439-95-4 NA NA NA NA NA NA None
Manganese 7439-96-5 880 N 88 N NA NA NA 88 T-RSL
Mercury 7439-97-6 11 N(14) 1.1 N(14) 2 NA NA 1.1 T-RSL
Nickel 7440-02-0 730 N 73 N NA 730 730 73 T-RSL
Potassium 7440-09-7 NA NA NA NA NA NA None
Selenium 7782-49-2 180 N 18 N 50 180 50 18 T-RSL
Silver 7440-22-4 180 N 18 N NA 180 180 18 T-RSL
Sodium 7440-23-5 NA NA NA NA NA NA None
Thallium 7440-28-0 NA NA 2 2.6 2 2 IDEM G-DCL
Vanadium 7440-62-2 180 N(15) 18 N(15) NA NA NA 18 T-RSL
Zinc 7440-66-6 11000 N 1100 N NA 11000 11000 1100 T-RSL
Pesticides
4,4'-DDD 72-54-8 0.28 C 0.28 C NA 3.5 3.5 0.28 T-RSL
4,4'-DDE 72-55-9 0.20 C 0.20 C NA 2.5 2.5 0.20 T-RSL
4,4'-DDT 50-29-3 0.20 C 0.20 C NA 2.5 2.5 0.20 T-RSL
Aldrin 309-00-2 0.0040 C 0.0040 C NA 0.05 0.05 0.0040 T-RSL
alpha-BHC 319-84-6 0.011 C 0.011 C NA 0.14 0.14 0.011 T-RSL
alpha-Chlordane 5103-71-9 0.19 C(16) 0.19 C(16) NA 2.4 2 0.19 T-RSL
beta-BHC 319-85-7 0.037 C 0.037 C NA 0.47 0.47 0.037 T-RSL
delta-BHC 319-86-8 0.011 C(17) 0.011 C(17) NA 0.14 0.14 0.011 T-RSL
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Dieldrin 60-57-1 0.0042 C 0.0042 C NA 0.053 0.053 0.0042 T-RSL
Endosulfan I 959-98-8 220 N(18) 22 N(18) NA 220 220 22 T-RSL
Endosulfan II 33213-65-9 220 N(18) 22 N(18) NA 220 220 22 T-RSL
Endosulfan sulfate 1031-07-8 220 N(18) 22 N(18) NA 220 220 22 T-RSL
Endrin 72-20-8 11 N 1.1 N 2 11 2 1.1 T-RSL
Endrin aldehyde 7421-93-4 11 N(19) 1.1 N(19) NA 11 2 1.1 T-RSL
Endrin ketone 53494-70-5 11 N(19) 1.1 N(19) NA 11 2 1.1 T-RSL
gamma-BHC (Lindane) 58-89-9 0.061 C 0.061 C 0.2 0.66 0.2 0.061 T-RSL
gamma-chlordane 5103-74-2 0.19 C(16) 0.19 C(16) NA 2.4 2 0.19 T-RSL
Heptachlor 76-44-8 0.015 C 0.015 C 0.4 0.19 0.4 0.015 T-RSL
Heptachlor epoxide 1024-57-3 0.0074 C 0.0074 C 0.2 0.094 0.2 0.0074 T-RSL
Methoxychlor 72-43-5 180 N 18 N 40 180 40 18 T-RSL
Toxaphene 8001-35-2 0.061 C 0.061 C 3 0.77 3 0.061 T-RSL
Dioxins/Furans
1,2,3,4,6,7,8,9-OCDD 3268-87-9 0.0017 C(20) 0.0017 C(20) NA NA NA 0.0017 T-RSL
1,2,3,4,6,7,8,9-OCDF 39001-02-0 0.0017 C(20) 0.0017 C(20) NA NA NA 0.0017 T-RSL
1,2,3,4,6,7,8-HPCDD 35822-46-9 0.000052 C(20) 0.000052 C(20) NA NA NA 0.000052 T-RSL
1,2,3,4,6,7,8-HPCDF 67562-39-4 0.000052 C(20) 0.000052 C(20) NA NA NA 0.000052 T-RSL
1,2,3,4,7,8,9-HPCDF 55673-89-7 0.000052 C(20) 0.000052 C(20) NA NA NA 0.000052 T-RSL
1,2,3,4,7,8-HXCDD 39227-28-6 0.0000052 C(20) 0.0000052 C(20) NA NA NA 0.0000052 T-RSL
1,2,3,4,7,8-HXCDF 70648-26-9 0.0000052 C(20) 0.0000052 C(20) NA NA NA 0.0000052 T-RSL
1,2,3,6,7,8-HXCDD 57653-85-7 0.0000052 C(20) 0.0000052 C(20) NA NA NA 0.0000052 T-RSL
1,2,3,6,7,8-HXCDF 57117-44-9 0.0000052 C(20) 0.0000052 C(20) NA NA NA 0.0000052 T-RSL
1,2,3,7,8,9-HXCDD 19408-74-3 0.0000052 C(20) 0.0000052 C(20) NA NA NA 0.0000052 T-RSL
1,2,3,7,8,9-HXCDF 72918-21-9 0.0000052 C(20) 0.0000052 C(20) NA NA NA 0.0000052 T-RSL
1,2,3,7,8-PECDD 40321-76-4 0.00000052 C(20) 0.00000052 C(20) NA NA NA 0.00000052 T-RSL
1,2,3,7,8-PECDF 57117-41-6 0.000017 C(20) 0.000017 C(20) NA NA NA 0.000017 T-RSL
2,3,4,6,7,8-HXCDF 60851-34-5 0.0000052 C(20) 0.0000052 C(20) NA NA NA 0.0000052 T-RSL
2,3,4,7,8-PECDF 57117-31-4 0.0000017 C(20) 0.0000017 C(20) NA NA NA 0.0000017 T-RSL
2,3,7,8-TCDD 1746-01-6 0.00000052 C 0.00000052 C 0.00003 NA NA 0.00000052 T-RSL
2,3,7,8-TCDF 51207-31-9 0.0000052 C(20) 0.0000052 C(20) NA NA NA 0.0000052 T-RSL
Total HpCDD 37871-00-4 NA NA NA NA NA NA None
Total HpCDF 38998-75-3 NA NA NA NA NA NA None
Total HxCDD 34465-46-8 NA NA NA NA NA NA None
Total HxCDF 55684-94-1 NA NA NA NA NA NA None
Total PeCDD 36088-22-9 NA NA NA NA NA NA None
Total PeCDF 30402-15-4 NA NA NA NA NA NA None
Total TCDD 41903-57-5 NA NA NA NA NA NA None
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Total TCDF 55722-27-5 NA NA NA NA NA NA None

Notes:

3 - USEPA Maximum Contaminant Levels (MCLs) from the 2009 Edition of the Drinking Water Standards and Health Advisories (USEPA, October 2009). 

5 - One tenth the noncarcinogenic value is less than the carinogenic value; therefore, the noncarcinogenic value is presented.
6 - Value is for 1,3-dichloropropene.
7 - Value is for xylene, mixture.
8 - Value is for 2,4-dinitrophenol.
9 - Value is for diethyl phthalate.
10 - Value is for acenapththene.
11 - Value is for pyrene.
12 - Value is for hexavalent chromium.
13 - Action level under Safe Drinking Water Act.
14 -  Value is for mercuy, inorganic salts.
15 - Value is for vanadium and compounds.
16 - Value is for chlordane.
17 - Value is for alpha-BHC.
18 - Value is for endosulfan.
19 - Value is for endrin.
20 - Value is derived by multiplying criteria for 2,3,7,8-TCDD by World Health Organization Toxicity Equivalent Factor.

Abbreviations:
NA - Not available or not applicable
N - Noncarcinogen
C - carcinogen

4 - Indiana Department of Environmental Management (IDEM) groundwater screening levels for direct contact and groundwater Default Closure Levels from IDEM RISC Technical 
Guide, January 31, 2006, Appendix 1, revised  May 1, 2009.

1 - The surface water screening levels from the USEPA Regions 3, 6, and 9 Tapwater Regional Screening Levels (T-RSLs) for Chemical Contaminants at Superfund Sites, 
November, 2010 available online at http://epa-prgs.ornl.gov/chemicals/index.shtml.  The risk-based screening levels are based on a target hazard quotient of 1 for noncarcinogens 
(denoted with a "N" flag)  or an incremental lifetime cancer risk (ILCR) of 1E-6 for carcinogens (denoted with a "C" flag).
2 - The USEPA T-RSL (November, 2010) adjusted values from the risk-based screening level for noncarcinogens adjusted by dividing by 10, equivalent to a target hazard 
quotient of 0.1.  The risk-based screening level for carcinogens is equivalent to an incremental lifetime cancer risk (ILCR) of 1E-6. 
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Volatile Organic Compounds
1,1,1-Trichloroethane 71-55-6 29.8 R5 ECOS NA 29.8 29.8
1,1,2,2-Tetrachloroethane 79-34-5 0.127 R5 ECOS NA 0.127 0.127
1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) 76-13-1 -- -- NA NA NA
1,1,2-Trichloroethane 79-00-5 28.6 R5 ECOS NA 28.6 28.6
1,1-Dichloroethane 75-34-3 20.1 R5 ECOS NA 20.1 20.1
1,1-Dichloroethene 75-35-4 8.28 R5 ECOS NA 8.28 8.28
1,2,3- Trichlorobenzene 87-61-6 11.1 R5 ECOS NA 11.1 11.1
1,2,4-Trichlorobenzene 120-82-1 11.1 R5 ECOS NA 11.1 11.1
1,2-Dibromo-3-chloropropane  (DBCP) 96-12-8 0.0352 R5 ECOS NA 0.0352 0.0352
1,2-Dibromoethane  (EDB) 106-93-4 1.23 R5 ECOS NA 1.23 1.23
1,2-Dichlorobenzene 95-50-1 2.96 R5 ECOS NA 2.96 2.96
1,2-Dichloroethane 107-06-2 21.2 R5 ECOS NA 21.2 21.2
1,2-Dichloropropane 78-87-5 32.7 R5 ECOS NA 32.7 32.7
1,3-Dichlorobenzene 541-73-1 37.7 R5 ECOS NA 37.7 37.7
1,4-Dichlorobenzene 106-46-7 0.546 R5 ECOS NA 0.546 0.546
1,4-Dioxane 123-91-1 2.05 R5 ECOS NA 2.05 2.05
2-Butanone (MEK) 78-93-3 89.6 R5 ECOS NA 89.6 89.6
2-Hexanone 591-78-6 12.6 R5 ECOS NA 12.6 12.6
4-Methyl-2-pentanone (MIBK) 108-10-1 443 R5 ECOS NA 443 443
Acetone 67-64-1 2.5 R5 ECOS NA 2.5 2.5
Benzene 71-43-2 0.255 R5 ECOS NA 0.255 0.255
Bromochloromethane 74-97-5 -- -- NA NA NA
Bromodichloromethane 75-27-4 0.54 R5 ECOS NA 0.54 0.54
Bromoform 75-25-2 15.9 R5 ECOS NA 15.9 15.9
Bromomethane 74-83-9 0.235 R5 ECOS NA 0.235 0.235
Carbon disulfide 75-15-0 0.0941 R5 ECOS NA 0.0941 0.0941
Carbon tetrachloride 56-23-5 2.98 R5 ECOS NA 2.98 2.98
Chlorobenzene 108-90-7 13.1 R5 ECOS NA 13.1 13.1
Chloroethane 75-00-3 -- -- NA NA NA
Chloroform 67-66-3 1.19 R5 ECOS NA 1.19 1.19
Chloromethane 74-87-3 10.4 R5 ECOS NA 10.4 10.4
cis-1,2-Dichloroethene 156-59-2 0.78373 R5 ECOS NA 0.784 0.784
cis-1,3-Dichloropropene 10061-01-5 0.398 R5 ECOS NA 0.398 0.398
Cyclohexane 110-82-7 -- -- NA NA NA
Dibromochloromethane 124-48-1 -- -- NA NA NA
Dichlorodifluoromethane 75-71-8 39.5 R5 ECOS NA 39.5 39.5
Ethylbenzene 100-41-4 5.16 R5 ECOS NA 5.16 5.16
Isopropylbenzene 98-82-8 -- -- NA NA NA
m,p-Xylenes 179601-23-1 10 R5 ECOS NA 10 10
Methyl acetate 79-20-9 -- -- NA NA NA
Methylcyclohexane 108-87-2 -- -- NA NA NA
Methylene chloride 75-09-2 4.05 R5 ECOS NA 4.05 4.05
Methyl-tert-butyl ether 1634-04-4 -- -- NA NA NA
o-Xylene 95-47-6 10 R5 ECOS NA 10 10
Styrene 100-42-5 4.69 R5 ECOS NA 4.69 4.69
Tetrachloroethene 127-18-4 9.92 R5 ECOS NA 9.92 9.92
Toluene 108-88-3 5.45 R5 ECOS NA 5.45 5.45
trans-1,2-Dichloroethene 156-60-5 0.784 R5 ECOS NA 0.784 0.784
trans-1,3-Dichloropropene 10061-02-6 0.398 R5 ECOS NA 0.398 0.398
Trichloroethene 79-01-6 12.4 R5 ECOS NA 12.4 12.4
Trichlorofluoromethane 75-69-4 16.4 R5 ECOS NA 16.4 16.4
Vinyl chloride 75-01-4 0.646 R5 ECOS NA 0.646 0.646
Xylenes (total) 1330-20-7 10 R5 ECOS NA 10 10
Semivolatile Organic Compounds
1,1'-Biphenyl 92-52-4 60 R5 ECOS NA 60 60
1,2,4,5-Tetrachlorobenzene 95-94-3 2.02 R5 ECOS NA 2.02 2.02
2,2'-Oxybis(1-chloropropane) 108-60-1 19.9 R5 ECOS NA 19.9 19.9
2,3,4,6-Tetrachlorophenol 58-90-2 0.199 R5 ECOS NA 0.199 0.199
2,4,5-Trichlorophenol 95-95-4 14.1 R5 ECOS NA 14.1 14.1
2,4,6-Trichlorophenol 88-06-2 9.94 R5 ECOS NA 9.94 9.94
2,4-Dichlorophenol 120-83-2 87.5 R5 ECOS NA 87.5 87.5
2,4-Dimethylphenol 105-67-9 0.01 R5 ECOS NA 0.01 0.01
2,4-Dinitrophenol 51-28-5 0.0609 R5 ECOS NA 0.0609 0.0609
2,4-Dinitrotoluene 121-14-2 1.28 R5 ECOS NA 1.28 1.28
2,6-Dinitrotoluene 606-20-2 0.0328 R5 ECOS NA 0.0328 0.0328
2-Chloronaphthalene 91-58-7 0.0122 R5 ECOS NA 0.0122 0.0122
2-Chlorophenol 95-57-8 0.243 R5 ECOS NA 0.243 0.243
2-Methylphenol (o-Cresol) 95-48-7 40.4 R5 ECOS NA 40.4 40.4
2-Nitroaniline 88-74-4 74.1 R5 ECOS NA 74.1 74.1
2-Nitrophenol 88-75-5 1.6 R5 ECOS NA 1.6 1.6
3,3'-Dichlorobenzidine 91-94-1 0.646 R5 ECOS NA 0.646 0.646
3-Nitroaniline 99-09-2 3.16 R5 ECOS NA 3.16 3.16
4,6-Dinitro-2-methylphenol 534-52-1 0.144 R5 ECOS NA 0.144 0.144
4-Bromophenyl phenyl ether 101-55-3 -- -- NA NA NA
4-Chloro-3-methyl phenol 59-50-7 7.95 R5 ECOS NA 7.95 7.95
4-Chloroanaline 106-47-8 1.1 R5 ECOS NA 1.1 1.1
4-Chlorophenyl phenyl ether 7005-72-3 -- -- NA NA NA
4-Methylphenol (p-Cresol) 106-44-5 163 R5 ECOS NA 163 163
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4-Nitroaniline 100-01-6 21.9 R5 ECOS NA 21.9 21.9
4-Nitrophenol 100-02-7 5.12 R5 ECOS NA 5.12 5.12
Acetophenone 98-86-2 300 R5 ECOS NA 300 300
Atrazine 1912-24-9 -- -- NA NA NA
Benzaldehyde 100-52-7 -- -- NA NA NA
Bis(2-chloroethoxy)methane 111-91-1 0.302 R5 ECOS NA 0.302 0.302
Bis(2-chloroethyl)ether 111-44-4 23.7 R5 ECOS NA 23.7 23.7
Bis(2-ethylhexyl)phthalate 117-81-7 0.925 R5 ECOS NA 0.925 0.925
Butyl benzyl phthalate 85-68-7 0.239 R5 ECOS NA 0.239 0.239
Caprolactam 105-60-2 -- -- NA NA NA
Carbazole 86-74-8 -- -- NA NA NA
Dibenzofuran 132-64-9 -- -- NA NA NA
Diethyl phthalate 84-66-2 24.8 R5 ECOS NA 24.8 24.8
Dimethyl phthalate 131-11-3 734 R5 ECOS NA 734 734
Di-n-butyl phthalate 84-74-2 0.15 R5 ECOS NA 0.15 0.15
Di-n-octyl phthalate 117-84-0 709 R5 ECOS NA 709 709
Hexachlorobenzene 118-74-1 0.199 R5 ECOS NA 0.199 0.199
Hexachlorobutadiene 87-68-3 0.0398 R5 ECOS NA 0.0398 0.0398
Hexachlorocyclopentadiene 77-47-4 0.755 R5 ECOS NA 0.755 0.755
Hexachloroethane 67-72-1 0.596 R5 ECOS NA 0.596 0.596
Isophorone 78-59-1 139 R5 ECOS NA 139 139
Nitrobenzene 98-95-3 1.31 R5 ECOS NA 1.31 1.31
N-Nitrosodi-n-propylamine 621-64-7 0.544 R5 ECOS NA 0.544 0.544
N-Nitrosodiphenylamine 86-30-6 0.545 R5 ECOS NA 0.545 0.545
Pentachlorophenol 87-86-5 0.119 R5 ECOS NA 0.119 0.119
Phenol 108-95-2 120 R5 ECOS NA 120 120
Polycyclic Aromatic Hydrocarbons 
2-Methylnaphthalene 91-57-6 29 Eco SSL 29 3.24 3.24
Acenaphthene 83-32-9 29 Eco SSL 29 682 682
Acenaphthylene 208-96-8 29 Eco SSL 29 682 682
Anthracene 120-12-7 29 Eco SSL 29 1480 1480
Benzo(a)anthracene 56-55-3 1.1 Eco SSL 1.1 5.21 5.21
Benzo(a)pyrene 50-32-8 1.1 Eco SSL 1.1 1.52 1.52
Benzo(b)fluoranthene 205-99-2 1.1 Eco SSL 1.1 59.8 59.8
Benzo(g,h,i)perylene 191-24-2 1.1 Eco SSL 1.1 119 119
Benzo(k)fluoranthene 207-08-9 1.1 Eco SSL 1.1 148 148
Chrysene 218-01-9 1.1 Eco SSL 1.1 4.73 4.73
Dibenzo(a,h)anthracene 53-70-3 1.1 Eco SSL 1.1 18.4 18.4
Fluoranthene 206-44-0 29 Eco SSL 29 122 122
Fluorene 86-73-7 29 Eco SSL 29 122 122
Indeno(1,2,3-c,d)pyrene 193-39-5 1.1 Eco SSL 1.1 109 109
Naphthalene 91-20-3 29 Eco SSL 29 0.0994 0.0994
Phenanthrene 85-01-8 29 Eco SSL 29 45.7 45.7
Pyrene 129-00-0 1.1 Eco SSL 1.1 78.5 78.5
Polychlorinated Biphenyls
Aroclor-1016 12674-11-2 0.000332 R5 ECOS NA 0.000332 0.000332
Aroclor-1221 11104-28-2 0.000332 R5 ECOS NA 0.000332 0.000332
Aroclor-1232 11141-16-5 0.000332 R5 ECOS NA 0.000332 0.000332
Aroclor-1242 53469-21-9 0.000332 R5 ECOS NA 0.000332 0.000332
Aroclor-1248 12672-29-6 0.000332 R5 ECOS NA 0.000332 0.000332
Aroclor-1254 11097-69-1 0.000332 R5 ECOS NA 0.000332 0.000332
Aroclor-1260 11096-82-5 0.000332 R5 ECOS NA 0.000332 0.000332
Total PCBs 1336-36-3 0.000332 R5 ECOS NA 0.000332 0.000332
Metals
Aluminum 7429-90-5 NA Eco SSL NA NA NA
Antimony 7440-36-0 0.27 Eco SSL 0.27 0.142 0.142
Arsenic 7440-38-2 18 Eco SSL 18 5.7 5.7
Barium 7440-39-3 330 Eco SSL 330 1.04 1.04
Beryllium 7440-41-7 21 Eco SSL 21 1.06 1.06
Cadmium 7440-43-9 0.36 Eco SSL 0.36 0.00222 0.00222
Calcium 7440-70-2 -- -- NA NA NA
Chromium 7440-47-3 26 Eco SSL 26 0.4 0.4
Cobalt 7440-48-4 13 Eco SSL 13 0.14 0.14
Copper 7440-50-8 28 Eco SSL 28 5.4 5.4
Iron 7439-89-6 NA Eco SSL NA NA NA
Lead 7439-92-1 11 Eco SSL 11 0.0537 0.0537
Magnesium 7439-95-4 -- -- NA NA NA
Manganese 7439-96-5 220 Eco SSL 220 220 220
Mercury 7439-97-6 0.1 R5 ECOS NA 0.1 0.1
Nickel 7440-02-0 38 Eco SSL 38 13.6 13.6
Potassium 7440-09-7 -- -- NA NA NA
Selenium 7782-49-2 0.52 Eco SSL 0.52 0.52 0.52
Silver 7440-22-4 4.2 Eco SSL 4.2 2 2
Sodium 7440-23-5 -- -- NA NA NA
Thallium 7440-28-0 0.0569 R5 ECOS NA 0.0569 0.0569
Vanadium 7440-62-2 7.8 Eco SSL 7.8 1.59 1.59
Zinc 7440-66-6 46 Eco SSL 46 6.62 6.62
Pesticides    
4,4'-DDD 72-54-8 0.758 R5 ECOS NA 0.758  
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4,4'-DDE 72-55-9 0.596 R5 ECOS NA 0.596  
4,4'-DDT 50-29-3 0.021 Eco SSL 0.021 0.0035  
Aldrin 309-00-2 0.00332 R5 ECOS NA 0.00332  
alpha-BHC 319-84-6 0.0994 R5 ECOS NA 0.0994  
alpha-Chlordane 5103-71-9 0.224 R5 ECOS NA 0.224  
beta-BHC 319-85-7 0.00398 R5 ECOS NA 0.00398  
delta-BHC 319-86-8 9.94 R5 ECOS NA 9.94  
Dieldrin 60-57-1 0.0049 Eco SSL 0.0049 0.00238  
Endosulfan I 959-98-8 0.119 R5 ECOS NA 0.119  
Endosulfan II 33213-65-9 0.119 R5 ECOS NA 0.119  
Endosulfan sulfate 1031-07-8 0.0358 R5 ECOS NA 0.0358  
Endrin 72-20-8 0.0101 R5 ECOS NA 0.0101  
Endrin aldehyde 7421-93-4 0.0105 R5 ECOS NA 0.0105  
Endrin ketone 53494-70-5 -- -- NA NA  
gamma-BHC (Lindane) 58-89-9 0.005 R5 ECOS NA 0.005  
gamma-chlordane 5103-74-2 0.224 R5 ECOS NA 0.224  
Heptachlor 76-44-8 0.00598 R5 ECOS NA 0.00598  
Heptachlor epoxide 1024-57-3 0.152 R5 ECOS NA 0.152  
Methoxychlor 72-43-5 0.0199 R5 ECOS NA 0.0199  
Toxaphene 8001-35-2 0.119 R5 ECOS NA 0.119  
Dioxins/Furans    
1,2,3,4,6,7,8,9-OCDD 3268-87-9 0.000000199 R5 ECOS NA 0.000000199  
1,2,3,4,6,7,8,9-OCDF 39001-02-0 0.0000386 R5 ECOS NA 0.0000386  
1,2,3,4,6,7,8-HPCDD 35822-46-9 0.000000199 R5 ECOS NA 0.000000199  
1,2,3,4,6,7,8-HPCDF 67562-39-4 0.0000386 R5 ECOS NA 0.0000386  
1,2,3,4,7,8,9-HPCDF 55673-89-7 0.0000386 R5 ECOS NA 0.0000386  
1,2,3,4,7,8-HXCDD 39227-28-6 0.000000199 R5 ECOS NA 0.000000199  
1,2,3,4,7,8-HXCDF 70648-26-9 0.0000386 R5 ECOS NA 0.0000386  
1,2,3,6,7,8-HXCDD 57653-85-7 0.000000199 R5 ECOS NA 0.000000199  
1,2,3,6,7,8-HXCDF 57117-44-9 0.0000386 R5 ECOS NA 0.0000386  
1,2,3,7,8,9-HXCDD 19408-74-3 0.000000199 R5 ECOS NA 0.000000199  
1,2,3,7,8,9-HXCDF 72918-21-9 0.0000386 R5 ECOS NA 0.0000386  
1,2,3,7,8-PECDD 40321-76-4 0.000000199 R5 ECOS NA 0.000000199  
1,2,3,7,8-PECDF 57117-41-6 0.0000386 R5 ECOS NA 0.0000386  
2,3,4,6,7,8-HXCDF 60851-34-5 0.0000386 R5 ECOS NA 0.0000386  
2,3,4,7,8-PECDF 57117-31-4 0.0000386 R5 ECOS NA 0.0000386  
2,3,7,8-TCDD 1746-01-6 0.000000199 R5 ECOS NA 0.000000199  
2,3,7,8-TCDF 51207-31-9 0.0000386 R5 ECOS NA 0.0000386  
Total HpCDD 37871-00-4 -- NA NA NA
Total HpCDF 38998-75-3 -- NA NA NA
Total HxCDD 34465-46-8 -- NA NA NA
Total HxCDF 55684-94-1 -- NA NA NA
Total PeCDD 36088-22-9 -- NA NA NA
Total PeCDF 30402-15-4 -- NA NA NA
Total TCDD 41903-57-5 -- NA NA NA
Total TCDF 55722-27-5 -- NA NA NA

1- The following hierarchy was used for selecting the Ecological Screening level in order of preference:
     USEPA Ecological Soil Screening Levels (Eco SSL) (EPA, 2003, 2005, 2006, 2007).  The lower of the plant, invertebrate, or wildlife Eco SSL is selected as the screening level.  
     The lower of the Oak Ridge National Laboratory (ORNL) plant or invertebrate benchmarks (Efroymson, et al., 1997a, 1997b).
     USEPA Region 5 Ecological Soil Screening Levels (R5 ECOS) (USEPA, 2005).  
     Lowest of National Oceanographic and Atmospheric Administration (NOAA) Screening Quick Reference Tables (SQUIRT) surface soil benchmarks (Buchman, 2008).

Shaded cells are values that were selected as the overall ecological soil screening level.



NSA Crane SWMU 11 Ecological Screening Criteria - Sediment Samples

Volatile Organic Compounds
1,1,1-Trichloroethane 71-55-6 0.213 R5 ECOSED 0.213 0.0302
1,1,2,2-Tetrachloroethane 79-34-5 0.85 R5 ECOSED 0.85 1.36
1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) 76-13-1 -- None NA NA
1,1,2-Trichloroethane 79-00-5 0.518 R5 ECOSED 0.518 1.24
1,1-Dichloroethane 75-34-3 0.000575 R5 ECOSED 0.000575 NA
1,1-Dichloroethene 75-35-4 0.0194 R5 ECOSED 0.0194 0.031
1,2,3- Trichlorobenzene 87-61-6 0.858 R3 BTAG SED NA 0.858
1,2,4-Trichlorobenzene 120-82-1 5.062 R5 ECOSED 5.062 2.1
1,2-Dibromo-3-chloropropane  (DBCP) 96-12-8 -- None NA NA
1,2-Dibromoethane  (EDB) 106-93-4 -- None NA NA
1,2-Dichlorobenzene 95-50-1 0.294 R5 ECOSED 0.294 0.0165
1,2-Dichloroethane 107-06-2 0.26 R5 ECOSED 0.26 NA
1,2-Dichloropropane 78-87-5 0.333 R5 ECOSED 0.333 NA
1,3-Dichlorobenzene 541-73-1 1.315 R5 ECOSED 1.315 4.43
1,4-Dichlorobenzene 106-46-7 0.318 R5 ECOSED 0.318 0.599
1,4-Dioxane 123-91-1 0.119 R5 ECOSED 0.119 NA
2-Butanone (MEK) 78-93-3 0.0424 R5 ECOSED 0.0424 NA
2-Hexanone 591-78-6 0.0582 R5 ECOSED 0.0582 NA
4-Methyl-2-pentanone (MIBK) 108-10-1 0.0251 R5 ECOSED 0.0251 NA
Acetone 67-64-1 0.0099 R5 ECOSED 0.0099 NA
Benzene 71-43-2 0.142 R5 ECOSED 0.142 NA
Bromochloromethane 74-97-5 -- None NA NA
Bromodichloromethane 75-27-4 -- None NA NA
Bromoform 75-25-2 0.492 R5 ECOSED 0.492 0.654
Bromomethane 74-83-9 0.00137 R5 ECOSED 0.00137 NA
Carbon disulfide 75-15-0 0.0239 R5 ECOSED 0.0239 0.000851
Carbon tetrachloride 56-23-5 1.45 R5 ECOSED 1.45 0.0642
Chlorobenzene 108-90-7 0.291 R5 ECOSED 0.291 0.00842
Chloroethane 75-00-3 -- None NA NA
Chloroform 67-66-3 0.121 R5 ECOSED 0.121 NA
Chloromethane 74-87-3 -- None NA NA
cis-1,2-Dichloroethene 156-59-2 0.20894 R5 ECOSED 0.20894 NA
cis-1,3-Dichloropropene 10061-01-5 0.00296 R5 ECOSED 0.00296 NA
Cyclohexane 110-82-7 -- None NA NA
Dibromochloromethane 124-48-1 -- None NA NA
Dichlorodifluoromethane 75-71-8 -- None NA NA
Ethylbenzene 100-41-4 0.175 R5 ECOSED 0.175 1.1
Isopropylbenzene 98-82-8 -- None NA 0.086
m,p-Xylenes 179601-23-1 0.433 R5 ECOSED 0.433 65
Methyl acetate 79-20-9 -- None NA NA
Methylcyclohexane 108-87-2 -- None NA NA
Methylene chloride 75-09-2 0.159 R5 ECOSED 0.159 NA
Methyl-tert-butyl ether 1634-04-4 -- None NA NA
o-Xylene 95-47-6 0.433 R5 ECOSED 0.433 NA
Styrene 100-42-5 0.254 R5 ECOSED 0.254 0.559
Tetrachloroethene 127-18-4 0.99 R5 ECOSED 0.99 0.468
Toluene 108-88-3 1.22 R5 ECOSED 1.22 NA
trans-1,2-Dichloroethene 156-60-5 0.654 R5 ECOSED 0.654 1.05
trans-1,3-Dichloropropene 10061-02-6 0.00296 R5 ECOSED 0.00296 NA
Trichloroethene 79-01-6 0.112 R5 ECOSED 0.112 0.0969
Trichlorofluoromethane 75-69-4 -- None NA NA
Vinyl chloride 75-01-4 0.202 R5 ECOSED 0.202 NA
Xylenes (total) 1330-20-7 0.433 R5 ECOSED 0.433 65
Semivolatile Organic Compounds
1,1'-Biphenyl 92-52-4 1.22 R3 BTAG SED NA 1.22
1,2,4,5-Tetrachlorobenzene 95-94-3 1.252 R5 ECOSED 1.252 1.09
2,2'-Oxybis(1-chloropropane) 108-60-1 -- None NA NA
2,3,4,6-Tetrachlorophenol 58-90-2 0.129 R5 ECOSED 0.129 0.284
2,4,5-Trichlorophenol 95-95-4 -- None NA NA
2,4,6-Trichlorophenol 88-06-2 0.208 R5 ECOSED 0.208 0.213
2,4-Dichlorophenol 120-83-2 0.0817 R5 ECOSED 0.0817 0.117
2,4-Dimethylphenol 105-67-9 0.304 R5 ECOSED 0.304 0.029
2,4-Dinitrophenol 51-28-5 0.00621 R5 ECOSED 0.00621 NA
2,4-Dinitrotoluene 121-14-2 0.0144 R5 ECOSED 0.0144 0.0416
2,6-Dinitrotoluene 606-20-2 0.0398 R5 ECOSED 0.0398 NA
2-Chloronaphthalene 91-58-7 0.417 R5 ECOSED 0.417 NA
2-Chlorophenol 95-57-8 0.0319 R5 ECOSED 0.0319 0.0312
2-Methylphenol (o-Cresol) 95-48-7 0.0554 R5 ECOSED 0.0554 NA
2-Nitroaniline 88-74-4 -- None NA NA
2-Nitrophenol 88-75-5 -- None NA NA
3,3'-Dichlorobenzidine 91-94-1 0.127 R5 ECOSED 0.127 0.127
3-Nitroaniline 99-09-2 -- None NA NA
4,6-Dinitro-2-methylphenol 534-52-1 0.104 R5 ECOSED 0.104 NA
4-Bromophenyl phenyl ether 101-55-3 1.55 R5 ECOSED 1.55 1.23
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4-Chloro-3-methyl phenol 59-50-7 0.388 R5 ECOSED 0.388 NA
4-Chloroanaline 106-47-8 0.146 R5 ECOSED 0.146 NA
4-Chlorophenyl phenyl ether 7005-72-3 -- None NA NA
4-Methylphenol (p-Cresol) 106-44-5 0.0202 R5 ECOSED 0.0202 0.67
4-Nitroaniline 100-01-6 -- None NA NA
4-Nitrophenol 100-02-7 0.0133 R5 ECOSED 0.0133 NA
Acetophenone 98-86-2 -- None NA NA
Atrazine 1912-24-9 0.00662 R3 BTAG SED NA 0.00662
Benzaldehyde 100-52-7 -- None NA NA
Bis(2-chloroethoxy)methane 111-91-1 -- None NA NA
Bis(2-chloroethyl)ether 111-44-4 3.52 R5 ECOSED 3.52 NA
Bis(2-ethylhexyl)phthalate 117-81-7 0.182 R5 ECOSED 0.182 0.18
Butyl benzyl phthalate 85-68-7 1.97 R5 ECOSED 1.97 10.9
Caprolactam 105-60-2 -- None NA NA
Carbazole 86-74-8 -- None NA NA
Dibenzofuran 132-64-9 0.449 R5 ECOSED 0.449 0.415
Diethyl phthalate 84-66-2 0.295 R5 ECOSED 0.295 0.603
Dimethyl phthalate 131-11-3 -- None NA NA
Di-n-butyl phthalate 84-74-2 1.114 R5 ECOSED 1.114 6.47
Di-n-octyl phthalate 117-84-0 40.6 R5 ECOSED 40.6 NA
Hexachlorobenzene 118-74-1 0.02 R5 ECOSED 0.02 0.02
Hexachlorobutadiene 87-68-3 0.0265 R5 ECOSED 0.0265 NA
Hexachlorocyclopentadiene 77-47-4 0.901 R5 ECOSED 0.901 NA
Hexachloroethane 67-72-1 0.584 R5 ECOSED 0.584 1.027
Isophorone 78-59-1 0.432 R5 ECOSED 0.432 NA
Nitrobenzene 98-95-3 0.145 R5 ECOSED 0.145 NA
N-Nitrosodi-n-propylamine 621-64-7 -- None NA NA
N-Nitrosodiphenylamine 86-30-6 2.68 R3 BTAG SED NA 2.68
Pentachlorophenol 87-86-5 23 R5 ECOSED 23 0.504
Phenol 108-95-2 0.0491 R5 ECOSED 0.0491 0.42
Polycyclic Aromatic Hydrocarbons 
2-Methylnaphthalene 91-57-6 0.0202 R5 ECOSED 0.0202 0.0202
Acenaphthene 83-32-9 0.00671 R5 ECOSED 0.00671 0.0067
Acenaphthylene 208-96-8 0.00587 R5 ECOSED 0.00587 0.0059
Anthracene 120-12-7 0.0572 R5 ECOSED 0.0572 0.0572
Benzo(a)anthracene 56-55-3 0.108 R5 ECOSED 0.108 0.108
Benzo(a)pyrene 50-32-8 0.15 R5 ECOSED 0.15 0.15
Benzo(b)fluoranthene 205-99-2 10.4 R5 ECOSED 10.4 NA
Benzo(g,h,i)perylene 191-24-2 0.17 R5 ECOSED 0.17 0.17
Benzo(k)fluoranthene 207-08-9 0.24 R5 ECOSED 0.24 0.24
Chrysene 218-01-9 0.166 R5 ECOSED 0.166 0.166
Dibenzo(a,h)anthracene 53-70-3 0.033 R5 ECOSED 0.033 0.033
Fluoranthene 206-44-0 0.423 R5 ECOSED 0.423 0.423
Fluorene 86-73-7 0.0774 R5 ECOSED 0.0774 0.0774
Indeno(1,2,3-c,d)pyrene 193-39-5 0.2 R5 ECOSED 0.2 0.017
Naphthalene 91-20-3 0.176 R5 ECOSED 0.176 0.176
Phenanthrene 85-01-8 0.204 R5 ECOSED 0.204 0.204
Pyrene 129-00-0 0.195 R5 ECOSED 0.195 0.195
Polychlorinated Biphenyls
Aroclor-1016 12674-11-2 0.0598 R5 ECOSED 0.0598 NA
Aroclor-1221 11104-28-2 0.0598 R5 ECOSED 0.0598 NA
Aroclor-1232 11141-16-5 0.0598 R5 ECOSED 0.0598 NA
Aroclor-1242 53469-21-9 0.0598 R5 ECOSED 0.0598 NA
Aroclor-1248 12672-29-6 0.0598 R5 ECOSED 0.0598 NA
Aroclor-1254 11097-69-1 0.0598 R5 ECOSED 0.0598 NA
Aroclor-1260 11096-82-5 0.0598 R5 ECOSED 0.0598 NA
Total PCBs 1336-36-3 0.0598 R5 ECOSED 0.0598 0.0598
Metals
Aluminum 7429-90-5 -- None NA NA
Antimony 7440-36-0 2 R3 BTAG SED NA 2
Arsenic 7440-38-2 9.79 R5 ECOSED 9.79 9.8
Barium 7440-39-3 -- None NA NA
Beryllium 7440-41-7 -- None NA NA
Cadmium 7440-43-9 0.99 R5 ECOSED 0.99 0.99
Calcium 7440-70-2 -- None NA NA
Chromium 7440-47-3 43.4 R5 ECOSED 43.4 43.4
Cobalt 7440-48-4 50 R5 ECOSED 50 50
Copper 7440-50-8 31.6 R5 ECOSED 31.6 31.6
Iron 7439-89-6 20000 R3 BTAG SED NA 20000
Lead 7439-92-1 35.8 R5 ECOSED 35.8 35.8
Magnesium 7439-95-4 -- None NA NA
Manganese 7439-96-5 460 R3 BTAG SED NA 460
Mercury 7439-97-6 0.174 R5 ECOSED 0.174 0.18
Nickel 7440-02-0 22.7 R5 ECOSED 22.7 22.7
Potassium 7440-09-7 -- None NA NA
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Selenium 7782-49-2 2 R3 BTAG SED NA 2
Silver 7440-22-4 0.5 R5 ECOSED 0.5 1
Sodium 7440-23-5 -- None NA NA
Thallium 7440-28-0 -- None NA NA
Vanadium 7440-62-2 -- None NA NA
Zinc 7440-66-6 121 R5 ECOSED 121 121
Pesticides    
4,4'-DDD 72-54-8 0.00488 R5 ECOSED 0.00488 0.00488  
4,4'-DDE 72-55-9 0.00316 R5 ECOSED 0.00316 0.00316  
4,4'-DDT 50-29-3 0.00416 R5 ECOSED 0.00416 NA  
Aldrin 309-00-2 0.002 R5 ECOSED 0.002 0.002  
alpha-BHC 319-84-6 0.006 R5 ECOSED 0.006 0.006  
alpha-Chlordane 5103-71-9 0.0045 R5 ECOSED 0.0045 NA  
beta-BHC 319-85-7 0.005 R5 ECOSED 0.005 0.005  
delta-BHC 319-86-8 71.5 R5 ECOSED 71.5 6.4  
Dieldrin 60-57-1 0.0019 R5 ECOSED 0.0019 0.0019  
Endosulfan I 959-98-8 0.00326 R5 ECOSED 0.00326 0.0029  
Endosulfan II 33213-65-9 0.00194 R5 ECOSED 0.00194 0.014  
Endosulfan sulfate 1031-07-8 0.0346 R5 ECOSED 0.0346 0.0054  
Endrin 72-20-8 0.00222 R5 ECOSED 0.00222 0.00222  
Endrin aldehyde 7421-93-4 0.48 R5 ECOSED 0.48 NA  
Endrin ketone 53494-70-5 -- None NA NA  
gamma-BHC (Lindane) 58-89-9 0.00237 R5 ECOSED 0.00237 0.00237  
gamma-chlordane 5103-74-2 0.0045 R5 ECOSED 0.0045 NA  
Heptachlor 76-44-8 0.0006 R5 ECOSED 0.0006 0.068  
Heptachlor epoxide 1024-57-3 0.00247 R5 ECOSED 0.00247 0.00247  
Methoxychlor 72-43-5 0.0136 R5 ECOSED 0.0136 0.0187  
Toxaphene 8001-35-2 7.70E-05 R5 ECOSED 7.70E-05 0.0001  
Dioxins/Furans    
1,2,3,4,6,7,8,9-OCDD 3268-87-9 0.0000033 R5 ECOSED 0.0000033 NA  
1,2,3,4,6,7,8,9-OCDF 39001-02-0 1.29E-08 R5 ECOSED 1.29E-08 NA  
1,2,3,4,6,7,8-HPCDD 35822-46-9 0.0000033 R5 ECOSED 0.0000033 NA  
1,2,3,4,6,7,8-HPCDF 67562-39-4 1.29E-08 R5 ECOSED 1.29E-08 NA  
1,2,3,4,7,8,9-HPCDF 55673-89-7 1.29E-08 R5 ECOSED 1.29E-08 NA  
1,2,3,4,7,8-HXCDD 39227-28-6 0.0000033 R5 ECOSED 0.0000033 NA  
1,2,3,4,7,8-HXCDF 70648-26-9 1.29E-08 R5 ECOSED 1.29E-08 NA  
1,2,3,6,7,8-HXCDD 57653-85-7 0.0000033 R5 ECOSED 0.0000033 NA  
1,2,3,6,7,8-HXCDF 57117-44-9 1.29E-08 R5 ECOSED 1.29E-08 NA  
1,2,3,7,8,9-HXCDD 19408-74-3 0.0000033 R5 ECOSED 0.0000033 NA  
1,2,3,7,8,9-HXCDF 72918-21-9 1.29E-08 R5 ECOSED 1.29E-08 NA  
1,2,3,7,8-PECDD 40321-76-4 0.0000033 R5 ECOSED 0.0000033 NA  
1,2,3,7,8-PECDF 57117-41-6 1.29E-08 R5 ECOSED 1.29E-08 NA  
2,3,4,6,7,8-HXCDF 60851-34-5 1.29E-08 R5 ECOSED 1.29E-08 NA  
2,3,4,7,8-PECDF 57117-31-4 1.29E-08 R5 ECOSED 1.29E-08 NA  
2,3,7,8-TCDD 1746-01-6 1.20E-07 R5 ECOSED 1.20E-07 0.00000085  
2,3,7,8-TCDF 51207-31-9 -- None NA NA
Total HpCDD 37871-00-4 -- None NA NA
Total HpCDF 38998-75-3 -- None NA NA
Total HxCDD 34465-46-8 -- None NA NA
Total HxCDF 55684-94-1 -- None NA NA
Total PeCDD 36088-22-9 -- None NA NA
Total PeCDF 30402-15-4 -- None NA NA
Total TCDD 41903-57-5 -- None NA NA
Total TCDF 55722-27-5 -- None NA NA

1- The following hierarchy was used for selecting the Ecological Screening level in order of preference:
     USEPA Region 5 Ecological Sediment Screening Levels (R5 ECOSED) (USEPA, 2005).  
     USEPA Region 3 BTAG Ecological Sediment Screening Levels (R3 BTAG SED) (USEPA, 2005).  
     Lowest of National Oceanographic and Atmospheric Administration (NOAA) Screening Quick Reference Tables (SQUIRT) surface water benchmarks (Buchman, 2008).

Shaded cells are values that were selected as the overall ecological sediment screening level.
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Volatile Organic Compounds
1,1,1-Trichloroethane 71-55-6 76 R5 ECO SW 76 11 910 NA
1,1,2,2-Tetrachloroethane 79-34-5 380 R5 ECO SW 380 610 0.067 NA
1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) 76-13-1 5900 T-RSL NA NA 5900 NA
1,1,2-Trichloroethane 79-00-5 500 R5 ECO SW 500 1200 0.24 NA
1,1-Dichloroethane 75-34-3 47 R5 ECO SW 47 47 2.4 NA
1,1-Dichloroethene 75-35-4 65 R5 ECO SW 65 25 34 NA
1,2,3- Trichlorobenzene 87-61-6 8 R3 BTAG SW NA 8 2.9 NA
1,2,4-Trichlorobenzene 120-82-1 30 R5 ECO SW 30 24 0.41 NA
1,2-Dibromo-3-chloropropane  (DBCP) 96-12-8 0.00032 T-RSL NA NA 0.00032 NA
1,2-Dibromoethane  (EDB) 106-93-4 0.0065 T-RSL NA NA 0.0065 NA
1,2-Dichlorobenzene 95-50-1 14 R5 ECO SW 14 0.7 37 NA
1,2-Dichloroethane 107-06-2 910 R5 ECO SW 910 100 0.15 NA
1,2-Dichloropropane 78-87-5 360 R5 ECO SW 360 NA 0.39 NA
1,3-Dichlorobenzene 541-73-1 38 R5 ECO SW 38 150 NA NA
1,4-Dichlorobenzene 106-46-7 9.4 R5 ECO SW 9.4 26 0.43 NA
1,4-Dioxane 123-91-1 22000 R5 ECO SW 22000 NA 6.1 NA
2-Butanone (MEK) 78-93-3 2200 R5 ECO SW 2200 14000 710 NA
2-Hexanone 591-78-6 99 R5 ECO SW 99 99 NA NA
4-Methyl-2-pentanone (MIBK) 108-10-1 170 R5 ECO SW 170 170 200 NA
Acetone 67-64-1 1700 R5 ECO SW 1700 1500 2200 NA
Benzene 71-43-2 114 R5 ECO SW 114 370 0.41 NA
Bromochloromethane 74-97-5 -- None NA NA NA NA
Bromodichloromethane 75-27-4 0.12 T-RSL NA NA 0.12 NA
Bromoform 75-25-2 230 R5 ECO SW 230 320 8.5 NA
Bromomethane 74-83-9 16 R5 ECO SW 16 NA 0.87 NA
Carbon disulfide 75-15-0 15 R5 ECO SW 15 0.92 100 NA
Carbon tetrachloride 56-23-5 240 R5 ECO SW 240 13.3 0.44 NA
Chlorobenzene 108-90-7 47 R5 ECO SW 47 1.3 9.1 NA
Chloroethane 75-00-3 2100 T-RSL NA NA 2100 NA
Chloroform 67-66-3 140 R5 ECO SW 140 1.8 0.19 NA
Chloromethane 74-87-3 19 T-RSL NA NA 19 NA
cis-1,2-Dichloroethene 156-59-2 37 T-RSL NA NA 37 NA
cis-1,3-Dichloropropene 10061-01-5 7.9 R5 ECO SW 7.9 NA 4 NA
Cyclohexane 110-82-7 1300 T-RSL NA NA 1300 NA
Dibromochloromethane 124-48-1 0.15 T-RSL NA NA 0.15 NA
Dichlorodifluoromethane 75-71-8 39 T-RSL NA NA 39 NA
Ethylbenzene 100-41-4 14 R5 ECO SW 14 90 1.5 NA
Isopropylbenzene 98-82-8 2.6 R3 BTAG SW NA 2.6 68 NA
m,p-Xylenes 179601-23-1 27 T-RSL 27 NA 20 NA
Methyl acetate 79-20-9 3700 T-RSL NA NA 3700 NA
Methylcyclohexane 108-87-2 -- None NA NA NA NA
Methylene chloride 75-09-2 0.94 R5 ECO SW 0.94 98.1 4.8 NA
Methyl-tert-butyl ether 1634-04-4 11070 R3 BTAG SW NA 11070 12 NA
o-Xylene 95-47-6 27 R5 ECO SW 27 NA 120 NA
Styrene 100-42-5 32 R5 ECO SW 32 72 160 NA
Tetrachloroethene 127-18-4 45 R5 ECO SW 45 111 0.11 NA
Toluene 108-88-3 253 R5 ECO SW 253 2 230 NA
trans-1,2-Dichloroethene 156-60-5 970 R5 ECO SW 970 970 11 NA
trans-1,3-Dichloropropene 10061-02-6 7.9 R5 ECO SW 7.9 NA NA NA
Trichloroethene 79-01-6 47 R5 ECO SW 47 21 2 NA
Trichlorofluoromethane 75-69-4 130 T-RSL NA NA 130 NA
Vinyl chloride 75-01-4 930 R5 ECO SW 930 930 0.016 NA
Xylenes (total) 1330-20-7 27 R5 ECO SW 27 13 20 NA
Semivolatile Organic Compounds
1,1'-Biphenyl 92-52-4 14 R3 BTAG SW NA 14 180 NA
1,2,4,5-Tetrachlorobenzene 95-94-3 3 R5 ECO SW 3 3 1.1 NA
2,2'-Oxybis(1-chloropropane) 108-60-1 0.32 T-RSL NA NA 0.32 NA
2,3,4,6-Tetrachlorophenol 58-90-2 1.2 R5 ECO SW 1.2 1.2 110 NA
2,4,5-Trichlorophenol 95-95-4 370 T-RSL NA NA 370 NA
2,4,6-Trichlorophenol 88-06-2 4.9 R5 ECO SW 4.9 4.9 3.7 NA
2,4-Dichlorophenol 120-83-2 11 R5 ECO SW 11 11 11 NA
2,4-Dimethylphenol 105-67-9 100 R5 ECO SW 100 NA 73 NA
2,4-Dinitrophenol 51-28-5 19 R5 ECO SW 19 NA 73 NA
2,4-Dinitrotoluene 121-14-2 44 R5 ECO SW 44 44 0.22 NA
2,6-Dinitrotoluene 606-20-2 81 R5 ECO SW 81 81 3.7 NA
2-Chloronaphthalene 91-58-7 0.396 R5 ECO SW 0.396 NA 290 NA
2-Chlorophenol 95-57-8 24 R5 ECO SW 24 24 18 NA
2-Methylphenol (o-Cresol) 95-48-7 67 R5 ECO SW 67 13 180 NA
2-Nitroaniline 88-74-4 37 T-RSL NA NA 37 NA
2-Nitrophenol 88-75-5 1920 R3 BTAG SW NA 1920 7.3 NA
3,3'-Dichlorobenzidine 91-94-1 4.5 R5 ECO SW 4.5 4.5 0.15 NA
3-Nitroaniline 99-09-2 -- None NA NA NA NA
4,6-Dinitro-2-methylphenol 534-52-1 23 R5 ECO SW 23 NA 0.29 NA
4-Bromophenyl phenyl ether 101-55-3 1.5 R5 ECO SW 1.5 1.5 NA NA
4-Chloro-3-methyl phenol 59-50-7 34.8 R5 ECO SW 34.8 NA 370 NA
4-Chloroanaline 106-47-8 232 R5 ECO SW 232 232 0.34 NA
4-Chlorophenyl phenyl ether 7005-72-3 -- None NA NA NA NA
4-Methylphenol (p-Cresol) 106-44-5 25 R5 ECO SW 25 543 18 NA
4-Nitroaniline 100-01-6 3.4 T-RSL NA NA 3.4 NA
4-Nitrophenol 100-02-7 60 R5 ECO SW 60 60 NA NA
Acetophenone 98-86-2 370 T-RSL NA NA 370 NA
Atrazine 1912-24-9 1.8 R3 BTAG SW NA 1.8 0.29 NA
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Benzaldehyde 100-52-7 370 T-RSL NA NA 370 NA
Bis(2-chloroethoxy)methane 111-91-1 11 T-RSL NA NA 11 NA
Bis(2-chloroethyl)ether 111-44-4 19000 R5 ECO SW 19000 NA 0.012 NA
Bis(2-ethylhexyl)phthalate 117-81-7 0.3 R5 ECO SW 0.3 16 4.8 NA
Butyl benzyl phthalate 85-68-7 23 R5 ECO SW 23 19 35 NA
Caprolactam 105-60-2 1800 T-RSL NA NA 1800 NA
Carbazole 86-74-8 -- None NA NA NA NA
Dibenzofuran 132-64-9 4 R5 ECO SW 4 3.7 3.7 NA
Diethyl phthalate 84-66-2 110 R5 ECO SW 110 210 2900 NA
Dimethyl phthalate 131-11-3 -- None NA NA NA NA
Di-n-butyl phthalate 84-74-2 9.7 R5 ECO SW 9.7 19 370 NA
Di-n-octyl phthalate 117-84-0 30 R5 ECO SW 30 22 NA NA
Hexachlorobenzene 118-74-1 0.0003 R5 ECO SW 0.0003 0.0003 0.042 NA
Hexachlorobutadiene 87-68-3 0.053 R5 ECO SW 0.053 1.3 0.86 NA
Hexachlorocyclopentadiene 77-47-4 77 R5 ECO SW 77 NA 22 NA
Hexachloroethane 67-72-1 8 R5 ECO SW 8 12 3.7 NA
Isophorone 78-59-1 920 R5 ECO SW 920 NA 71 NA
Nitrobenzene 98-95-3 220 R5 ECO SW 220 NA 0.12 NA
N-Nitrosodi-n-propylamine 621-64-7 0.0096 T-RSL NA NA 0.0096 NA
N-Nitrosodiphenylamine 86-30-6 210 R3 BTAG SW NA 210 14 NA
Pentachlorophenol 87-86-5 4 R5 ECO SW 4 0.5 0.56 19
Phenol 108-95-2 180 R5 ECO SW 180 4 1100 NA
Polycyclic Aromatic Hydrocarbons 
2-Methylnaphthalene 91-57-6 330 R5 ECO SW 330 4.7 15 NA
Acenaphthene 83-32-9 38 R5 ECO SW 38 5.8 220 NA
Acenaphthylene 208-96-8 4840 R5 ECO SW 4840 NA 220 NA
Anthracene 120-12-7 0.035 R5 ECO SW 0.035 0.012 1100 NA
Benzo(a)anthracene 56-55-3 0.025 R5 ECO SW 0.025 0.018 0.029 NA
Benzo(a)pyrene 50-32-8 0.014 R5 ECO SW 0.014 0.015 0.0029 NA
Benzo(b)fluoranthene 205-99-2 9.07 R5 ECO SW 9.07 NA 0.029 NA
Benzo(g,h,i)perylene 191-24-2 7.64 R5 ECO SW 7.64 NA 110 NA
Benzo(k)fluoranthene 207-08-9 0.29 T-RSL NA NA 0.29 NA
Chrysene 218-01-9 2.9 T-RSL NA NA 2.9 NA
Dibenzo(a,h)anthracene 53-70-3 0.0029 T-RSL NA NA 0.0029 NA
Fluoranthene 206-44-0 1.9 R5 ECO SW 1.9 0.04 150 NA
Fluorene 86-73-7 19 R5 ECO SW 19 3 150 NA
Indeno(1,2,3-c,d)pyrene 193-39-5 4.31 R5 ECO SW 4.31 NA 0.029 NA
Naphthalene 91-20-3 13 R5 ECO SW 13 1.1 0.14 NA
Phenanthrene 85-01-8 3.6 R5 ECO SW 3.6 0.4 110 NA
Pyrene 129-00-0 0.3 R5 ECO SW 0.3 0.025 110 NA
Polychlorinated Biphenyls
Aroclor-1016 12674-11-2 0.00012 R5 ECO SW 0.00012 0.000074 0.96 0.014 0.000332
Aroclor-1221 11104-28-2 0.00012 R5 ECO SW 0.00012 0.000074 0.0068 0.014 0.000332
Aroclor-1232 11141-16-5 0.00012 R5 ECO SW 0.00012 0.000074 0.0068 0.014 0.000332
Aroclor-1242 53469-21-9 0.00012 R5 ECO SW 0.00012 0.000074 0.034 0.014 0.000332
Aroclor-1248 12672-29-6 0.00012 R5 ECO SW 0.00012 0.000074 0.034 0.014 0.000332
Aroclor-1254 11097-69-1 0.00012 R5 ECO SW 0.00012 0.000074 0.034 0.014 0.000332
Aroclor-1260 11096-82-5 0.00012 R5 ECO SW 0.00012 0.000074 0.034 0.014 0.000332
Total PCBs 1336-36-3 0.00012 R5 ECO SW 0.00012 0.000074 NA 0.014 0.000332
Metals
Aluminum 7429-90-5 87 R3 BTAG SW NA 87 3700 750
Antimony 7440-36-0 80 R5 ECO SW 80 30 1.5 NA
Arsenic 7440-38-2 148 R5 ECO SW 148 5 0.045 340
Barium 7440-39-3 220 R5 ECO SW 220 4 730 NA
Beryllium 7440-41-7 3.6 R5 ECO SW 3.6 0.66 7.3 NA
Cadmium 7440-43-9 0.15 R5 ECO SW 0.15 0.25 1.8 2
Calcium 7440-70-2 116000 R3 BTAG SW NA 116000 NA NA
Chromium 7440-47-3 42 R5 ECO SW 42 85 0.043 16
Cobalt 7440-48-4 24 R5 ECO SW 24 23 1.1 NA
Copper 7440-50-8 1.58 R5 ECO SW 1.58 9 150 13
Iron 7439-89-6 300 R3 BTAG SW NA 300 2600 1000
Lead 7439-92-1 1.17 R5 ECO SW 1.17 2.5 15 65
Magnesium 7439-95-4 82000 R3 BTAG SW NA 82000 NA NA
Manganese 7439-96-5 120 R3 BTAG SW NA 120 88 NA
Mercury 7439-97-6 0.0013 R5 ECO SW 0.0013 0.026 1.1 1.4
Nickel 7440-02-0 28.9 R5 ECO SW 28.9 52 73 NA
Potassium 7440-09-7 53000 R3 BTAG SW NA 53000 NA 470
Selenium 7782-49-2 5 R5 ECO SW 5 1 18 5
Silver 7440-22-4 0.12 R5 ECO SW 0.12 3.2 18 3.2
Sodium 7440-23-5 680000 R3 BTAG SW NA 680000 NA NA
Thallium 7440-28-0 10 R5 ECO SW 10 0.8 NA NA
Vanadium 7440-62-2 12 R5 ECO SW 12 20 18 NA
Zinc 7440-66-6 65.7 R5 ECO SW 65.7 120 1100 120
Pesticides
4,4'-DDD 72-54-8 0.011 R3 BTAG SW NA 0.011 0.28 NA  
4,4'-DDE 72-55-9 4.51E-09 R5 ECO SW 4.51E-09 NA 0.2 NA  
4,4'-DDT 50-29-3 1.10E-05 R5 ECO SW 1.10E-05 0.0005 0.2 1.1  
Aldrin 309-00-2 0.017 R5 ECO SW 0.017 3 0.004 3  
alpha-BHC 319-84-6 12.4 R5 ECO SW 12.4 NA 0.011 NA  
alpha-Chlordane 5103-71-9 0.00029 R5 ECO SW 0.00029 NA 0.19 2.4  
beta-BHC 319-85-7 0.495 R5 ECO SW 0.495 2.2 0.037 NA  
delta-BHC 319-86-8 667 R5 ECO SW 667 141 0.011 NA  
Dieldrin 60-57-1 7.10E-05 R5 ECO SW 7.10E-05 0.056 0.0042 0.24  
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Endosulfan I 959-98-8 0.056 R5 ECO SW 0.056 0.051 22 0.22  
Endosulfan II 33213-65-9 0.056 R5 ECO SW 0.056 0.051 22 0.22  
Endosulfan sulfate 1031-07-8 2.22 R5 ECO SW 2.22 NA 22 NA  
Endrin 72-20-8 0.036 R5 ECO SW 0.036 0.036 1.1 0.086  
Endrin aldehyde 7421-93-4 0.15 R5 ECO SW 0.15 NA 1.1 NA  
Endrin ketone 53494-70-5 11 T-RSL NA NA 1.1 NA  
gamma-BHC (Lindane) 58-89-9 0.026 R5 ECO SW 0.026 0.01 0.061 0.95  
gamma-chlordane 5103-74-2 0.00029 R5 ECO SW 0.00029 NA 0.19 2.4  
Heptachlor 76-44-8 0.0038 R5 ECO SW 0.0038 0.0019 0.015 0.52  
Heptachlor epoxide 1024-57-3 0.0038 R5 ECO SW 0.0038 0.0019 0.0074 0.52  
Methoxychlor 72-43-5 0.019 R5 ECO SW 0.019 0.019 18 0.03  
Toxaphene 8001-35-2 0.00014 R5 ECO SW 0.00014 0.0002 0.061 0.73  
Dioxins/Furans
1,2,3,4,6,7,8,9-OCDD 3268-87-9 0.000000278 R5 ECO SW 2.78E-07 NA 0.0017 NA  
1,2,3,4,6,7,8,9-OCDF 39001-02-0 0.00129 R5 ECO SW 0.00129 NA 0.0017 NA  
1,2,3,4,6,7,8-HPCDD 35822-46-9 0.000000278 R5 ECO SW 2.78E-07 NA 0.000052 NA  
1,2,3,4,6,7,8-HPCDF 67562-39-4 0.00129 R5 ECO SW 0.00129 NA 0.000052 NA  
1,2,3,4,7,8,9-HPCDF 55673-89-7 0.00129 R5 ECO SW 0.00129 NA 0.000052 NA  
1,2,3,4,7,8-HXCDD 39227-28-6 0.000000278 R5 ECO SW 2.78E-07 NA 0.0000052 NA  
1,2,3,4,7,8-HXCDF 70648-26-9 0.00129 R5 ECO SW 0.00129 NA 0.0000052 NA  
1,2,3,6,7,8-HXCDD 57653-85-7 0.000000278 R5 ECO SW 2.78E-07 NA 0.0000052 NA  
1,2,3,6,7,8-HXCDF 57117-44-9 0.00129 R5 ECO SW 0.00129 NA 0.0000052 NA  
1,2,3,7,8,9-HXCDD 19408-74-3 0.000000278 R5 ECO SW 2.78E-07 NA 0.0000052 NA  
1,2,3,7,8,9-HXCDF 72918-21-9 0.00129 R5 ECO SW 0.00129 NA 0.0000052 NA  
1,2,3,7,8-PECDD 40321-76-4 0.000000278 R5 ECO SW 2.78E-07 NA 0.00000052 NA  
1,2,3,7,8-PECDF 57117-41-6 0.00129 R5 ECO SW 0.00129 NA 0.000017 NA  
2,3,4,6,7,8-HXCDF 60851-34-5 0.00129 R5 ECO SW 0.00129 NA 0.0000052 NA  
2,3,4,7,8-PECDF 57117-31-4 0.00129 R5 ECO SW 0.00129 NA 0.0000017 NA  
2,3,7,8-TCDD 1746-01-6 3.00E-09 R5 ECO SW 3.00E-09 3.1E-09 0.00000052 NA  
2,3,7,8-TCDF 51207-31-9 0.0000052 T-RSL NA NA 0.0000052 NA  
Total HpCDD 37871-00-4 NA None NA NA NA NA  
Total HpCDF 38998-75-3 NA None NA NA NA NA  
Total HxCDD 34465-46-8 NA None NA NA NA NA  
Total HxCDF 55684-94-1 NA None NA NA NA NA  
Total PeCDD 36088-22-9 NA None NA NA NA NA  
Total PeCDF 30402-15-4 NA None NA NA NA NA  
Total TCDD 41903-57-5 NA None NA NA NA NA  
Total TCDF 55722-27-5 NA None NA NA NA NA  

1- The following hierarchy was used for selecting the Ecological Screening level in order of preference:
     USEPA Region 5 Ecological Surface Water Screening Levels (R5 ECO SW) (USEPA, 2005).  
     USEPA Region 3 BTAG Ecological Surface Water Screening Levels (R3 BTAG SW) (USEPA, 2005).  
     USEPA Regions 3, 6, and 9 Tapwater Regional Screening Levels (T-RSL), adjusted to 1/10 of value for non-carcinogens (USEPA, May 2010).  
     Lowest of National Oceanographic and Atmospheric Administration (NOAA) Screening Quick Reference Tables (SQUIRT) surface water benchmarks (Buchman, 2008).

Shaded cells are values that were selected as the overall ecological surface water screening level.
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